Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


A/a\f  6Cd,S/.3 


HARVARD 
COLLEGE 
LIBRARY 


\h 


• 


^ 


• 


)■    / 


\   N 


^   V-< 


\ 


AN 


EPITOME 


or 


NAVIGATION, 


AND 


NAUTICAL   ASTRONOMY, 

WITH 

■ 

IMPROVED    LUNAR    TABLES, 

TBS  avBsnoNt 

*  I 

I  AltRANQBD  TO  JHE  NAUTICAL  ALBCANAC  FOR  1852, 

FaUiAed  by  order  of  the  Lords  CommbnioiierB  of  the  Admiralty, 

BY 

JAIiTET  TAYLOR, 


Dedicated  by  Perulsiioti 
To  the  Honorable  the  Elder  Brethren  of  the  Corporation 

of  IVinity  Hovee,  ZiOndon. 


NINTH  EDITION. 


TAYLOR,    104,    MINORIES,    LONDON. 
Nautical  Aoadeht  and  Nayiqation  Waiiehouse. 

1851. 


HARVARD  COLLEGE  LIBRARY 
OEPOr.'TLD  BY 

ASTRONOM.'CAL  OBSERVATORY 
R.  W,  Vv  LLSON  COLLLCTION 
JULY  IS,  1S3S 


KNTIBBD   AT  flTATIOmBBS   HALI.. 


POYLITT,  PBIVTIB,   iS,  BHOH  STBBBT,   LOITDOX. 


TO    THE    HONORABLE 


THE  ELDER  BRETHREK^ 


OF    THE 


CORPORATION    OF    TRINITY    HOUSE, 


LONDON. 


Obntlbmsn, 

With  feelings  of  deep-felt  gratitude,  I  avail  myself  of  your 
gracious  permissioD,  to  dedicate  to  your  Honorable  Body,  my 

"EprroMB  OF  Navigation  amd  Nautioal  Astbonomt." 

In  pladng  my  Work,  thus  honored  with  your  approba- 
tion, before  the  Public,  I  feel  assured,  the  prominent  position 
you  occupy  in  this  Maritime  Kingdom,  as  the  active  Promoters 
and  Encouragers  of  whatever  tends  to  advance  the  real  interests 
of  Navigation,  will  secure  for  it  the  attention  and  support  of  the 
British  Mariner. 

With  much  respect,  I  subcribe  myself, 

GBKTLEMSir, 

Your  gratefully  obliged 

and  humble  Servant, 

JANET  TAYLOR. 
Nautical  Aoadeut, 

104,    MiNOBTES, 

Loudon. 


IPREFACE. 


In  launching  this  enlarged  edition  of  my  Epitome  of  Navig^ 
tion  before  the  Pablio,  it  will  be  unnecessary  to  enter  into  a 
detailed  account  of  its  contents.  The  slumbering  spirit  of  research 
on  this  subject,  which  I  awakened  into  activity,  now  nearly  20 
years  ago,  has  gone  on  adding  improyement  to  improvement,  and 
book  to  book,  until  the  tide  of  information  hsA  swollen  nearly  to 
overwhelming  my  own  little  bark>  which  then  was  nearly  alone 
on  the  wide  ocean  of  mental  darkness,  which  at  that  time  over- 
spread the  Nautical  world. 

Suffice  it  then  to  say,  that  every  care  has  been  taken,  that  while 
nothing  worthy  of  attention,  or  really  important  to  the  scientific 
or  practical  Navigator,  has  been  omitted,  all  needless  varieties  of 
methods,  and  all  extraneous  matter,  have  been  purposely  avoided, 
that  the  attention  of  the  Pupil  may  not  wander  from  those  essen* 
tial  points  oCMipBoteHMi,  the  diligent  study  of  which,  will  lead 
him  on  to  the  attainment  of  eminence  in  his  profession. 

The  Introduction  contains  the  requisite  elementary  information, 
at  least,  such  as  could  alone  be  expected  in  a  work  of  this  kind« 
A.  description  is  ^ven  here  of  the  Instruments  used  in  navigating 
a  ship  at  sea,  witii  the  method  of  findingthe  deviation  of  the  compass 
in  steam  vessek,  and  correcting  the  courses  for  the  errors  found,  a 
denderatum  in  this  age  of  iron  vessels,  and  Steam*-boat  Naviga* 
tion 

The  Sailings  comprehend  every  variety,  and  are  given  in  a  clear 
and  simple  maimer,  applicable  to  the  general  purposes  of  navigation. 
To  this  edition,  I  have  added  the  principles  of  Great  Cu'cle  Sailing, 
so  much  used  by  our  countrymen,  now  traversing  continually, 
the  wide  expanse  of  the  Southern  Ocean.  I  have  endeavoured  to 
make  the  subject  clear  and  practical,  and  illustrated  it  by  diagrams^ 
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shewing  the  spherical  principles  on  which  the  tables  now  in  use  ar6 
calculated.  As  it  is  contrary  to  custom,  though  perfectly  correct 
in  theory,  I  think  it  better  to  mention,  that  in  referring  to  the 
points  and  quarter  points  of  the  compass,  I  haye  avoided  backing 
the  compass ;  thus,  what  is  usually  called  S.W.  ^  S.  I  have  named 
S.W.  by  S.  i  W.  this,  besides  being  more  correct,  can  cause  no 
misunderstanding  with  the  practical  seaman,  and  would  be  better 
if  generally  adopted. 

The  science  of  Astbonomy,  so  beautiful  in  itself  as  a  study,  leading 
the  mind  of  man  into  close  contemplation  of  the  mightiest  works  of 
his  Creator,  and  which,  in  its  practical  application,  is  of  such  vital 
importance  to  the  navigator,  is  treated  at  much  greater  length 
in  this  volume,  than  is  usual  in  works  of  the  same  kind :  and  its 
application  to  the  determination  of  the  Latitude  and  Longitude  at 
sea,  and  various  other  important  Nautical  Problems,  is  pointed  out 
as  clearly  as  possible,  to  enable  the  student,  by  making  him 
acquainted  with  the  principles  upon  which  they  are  founded,  fully 
to  understand,  and  easily  to  retain  the  rules  for  performing  those 
operations  which  follow  in  the  work. 

The  Astronomieal  Definitions  Sd*e  considered  at  much  length,  it 
being  imperatively  necessary,  that  the  technical  terms  of  a  science 
should  be  well  understood,  before  the  language,  in  which  the  science 
itself  is  treated,  can  be  properly  intelligible,  and  to  those  anxious 
for  a  true  knowledge  of  Nautical  Astronomy,  these  definitions  will 
prove  of  great  benefit. 

For  determining  the  Latitude  by  obsei*vations  of  the  celestial 
bodies,  the  most  recent  and  approved  methods  are  introduced,  every 
advantage  being  taken  to  facilitate  the  operations  without  endan- 
gering accuracy  of  result. 

The  extension  of  the  well-known  problem,  of  finding  the 
Latitude  by  Double  Altitudes,  to  the  purpose  of  finding  the  Lon- 
gitude, affords  another  opportunity  of  ascertaining  the  exact  position 
of  the  ship,  and  I  take  this  occasion  of  thanking  Mr.  Riddle,  for 
his  kindness  in  calling  my  attention  to  the  subject. 

The  method  of  ascertaining  the  LoNarruDB  by  Limar  observar- 
tions,  is  distinguished  by  the  simplicity  of  its  principles,  and  the 
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brevity  of  its  operations,  which  are  such  as  to  render  the  clearing 
the  distance,  a  work  of  a  few  minutes,  while  the  accuracy  of  the 
results  has  been  successfully  tested  by  the  rigorous  methods. 
These  advantages,  of  the  highest  consideration  at  sea,  have  obtained 
for  this  method  of  solving  one  of  the  most  important  problems  in 
Nautical  science,  the  approval  of  our  most  skilful  and  intelligent 
Navigators,  and  the  patronage  of  the  first  Nautical  authorities  of  thi^ 
as  well  as  of  several  Foreign  Countries. 

In  addition  to  the  usual  methods  of  finding  the  Longitude,  is  given 
concise  and  accurate  rules  for  computing  the  Longitude  from  the 
rifling  and  setting  of  the  sun,  and  when  the  Navigator  will  pay 
attention  to  his  barometrical  indications,  and  calculate  for  the 
amount  of  refraction  at  the  time  of  taking  his  observations,  this 
method  will  be  of  great  service  to  him,  giving  him  an  opportunity 
before  night  comes  on^  of  ascertaining  the  situation  of  his  vessel 

The  theory  of  the  rotatory  storms  is  but  briefly  touched  on,  as  it 
would  be  impossible  in  a  work  of  this  kind  to  enter  fully  into  those 
interesting  branches  so  necessary  to  be  fully  understood  by  the 
seaman. 

Col.  Rsid  has  kindly  afforded  me  an  opportunity  of  illustrating 
the  course  of  rotary  storms,  and  the  method  of  "  heaving-to,  and 
jailing  from  a  gale's  centre,"  by  the  introduction  of  diagrams  from 
his  work,  "  The  Developement  of  the  Law  of  Storms,"  and  to  such 
scientific  and  able  works  on  the  subject,  I  must  refer  the  Navigator, 
my  present  object  being  to  arouse  attention  to  this  important  branch 
of  nautical  science :  by  which  the  hands  of  the  Navigator  may  be 
strengthened,  in  prosecuting  his  way  across  seas  traversed  by  the 
terrific  Cyclones. 

Li  the  Tables  are  little  alterations,  except  that, — 

Table  36  now  commences  from  10»  of  Altitude,  and  that  part  of  it 
up  to  18»  inclusive,  has  been  re-calculated  with  great  care  and  atten- 
tion ;  the  remainder  will  bo  arranged  to  every  two  degrees,  and 
added  from  time  to  time,  as  the  calculations  are  completed;  in 
the  mean  time  all  the  corrections  above  18^,  must  be  used  as 
formerly. 
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Table  4a,  attached  to  the  first  few  pages  of  Table  36,  will  be 
Gontinued  in  subsequent  Editions,  as  the  calculations  are  finbhed, 
it  is  added  for  a  reduction  of  the  Moon's  yariable  horizontal  paral- 
lax, and  is  to  be  applied  according  to  the  directions  given  with  the 
Table. 

Table  43,  introduced  from  p.  562  in  the  Nautical  Almanac,  has 
been  added  for  the  purpose  of  conyerting  mean  solar  time  into  side- 
real time,  the  difference  between  which  periods,  is  fully  explained 
in  p.  150 ;  bj  usdng  sidereal  time  mean  noon  instead  of  the 
sun's  right  ascension,  much  trouble  is  spared,  and  there  is  less  lia- 
biUty  of  error  in  the  reduction ;  and  in  finding  the  mean  time  by 
observation  of  the  Moon,  Planets,  or  Fixed  Stars,  the  equation  of 
time  is  not  requiiute;  the  use  of  this  Table  is  fully  explained 
in  page  167- 

Table  43a,  the  mean  reduction  of  the  moon's  horizontal  parallax 
for  the  spheroidal  figure  of  the  earth,  is  added  in  an  abridged  form 
as  the  correction  for  general  nautical  purposes  may  be  disregarded, 
and  when  used,  the  present  form  is  sufficiently  correct. 

The  Table  of  Latitudes  and  Longitudes,  or  "  Position  of  Places," 
has  been  revised  and  corrected  with  the  utmost  care,  from  the  most 
recent  surveys  and  observations,  and  the  best  sources  of  bydrogra- 
phical  information.  The  principal  light-houses,  with  their  respective 
heights  above  high  water,  with  a  description  of  the  nature  of  the 
light  exhibited,  have  likewise  been  added,  and  will  be  found  of 
great  use. 

The  general  Tables,  which  are  stereotyped,  have  been  carefully 
revised,  and  in  their  extensive  use  the  few  errors  at  the  commence- 
ment, have  alone  been  discovered ;  and  it  is  hoped  that  the  groat 
attention  bestowed  on  the  work,  throughout  all  its  various  subjects, 
and  the  desire  to  increase^  not  only  the  knowledge  of  her  country- 
men, but  the  facilities  of  applying  that  knowledge,  will  secure  a 
continuance  of  that  extensive  public  patronage,  which  is  now  most 
gratefully  acknowledged  by 

THE  AUTHORESS. 
Nautical  Academy, 

May  1851, 
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INTRODUCTION. 


JSa^lanatian  of  Signs  and  Abbreviations  used  in  the 

foUoiving  Worh. 

SIGNS  OR  SYMBOLS. 

+  phu  Is  the  sign  of  addition^  and  being  placed  between  two  or  more 
numbers  or  quantities,  denotes  that  those  numbers  or  quanti- 
ties are  to  be  added  together ;  thus  5  +  9,  means  that  9  is  to  be 
added  to  5,  and  a  +  i  +  c,  signifies  the  sum  of  the  quantities 
represented  by  a  &  and  c.  The  sign  +  is  called  the  positive  or 
affirmative  sign,  and  the  quantities  having  this  sign  prefixed  to 
them,  are  c^ed  positive  or  affirmative  quantities. 

—  minus  Is  the  sign  of  subtraction,  and  shows  that  the  number  or  quan- 
tity that  follows  it  is  to  be  taken  from  that  which  precedes  it ; 
thus  9 — 5,  sigBifies  that  5  must  be  taken  from  9,  also  a  -\-  b — c, 
denotes  that  the  quantity  c  is  to  be  taken  from  the  sum  of 
a  and  A.  The  sign  —  is  called  the  negative  sign,  and  a  quan- 
tity having  this  sign  prefixed  to  it,  is  called  a  negative  quantity. 

X  into  or  by  Is  the  sign  of  multiplication,  and  denotes  that  the  numbers, 
or  quantities  between  whieh  it  is  placed,  are  to  be  multiplied 
together,  thus  7x3,  signifies  7  multiplied  by  8,  and  axbxc, 
shews  that  the  quantities  represented  by  a  6  and  c  are  to  be 
multiplied  into  one  another.  Multiplication  is  also  sometimes 
denoted  by  putting  a  dot  or  point  between  the  quantities  to 
be  multiplied  together,  thus  a  .  b  .  c,  signify  the  same  as 
axbxc, 

-f-  divided  by  Is  the  sign  of  division,  and  shews  that  the  number  or 
quantity  standing  before  it,  is  to  be  divided  by  that  which  fol- 
lows it,  thus  84-7-12,  signifies  that  84  is  to  be  divided  by  12. 
Division  is,  however,  more  simply  expressed  by  making  the 
former  quantity  the  numerator,  and  the  latter  the  denominator, 
of  a  fraction,  thus  44  >  ^^  a-i-b,  or  t,  denotes  that  the  quan- 
tity represented  by  a  is  to  be  divided  by  that  represented 
by  ft. 

=   equal  to  Is  the  sign  of  equality,  and  shews  that  the  numbers  or 

auantities  placed  before  it  are  equal  to  those  which  follow  it ; 
bus  4  X  9=36,  or  4  X  9  are  equal  to  36  ;  so  likewise  a-hft= 
c+d,  means  that  a -r  ft  are  equal  to  c-j-d.  When  quantities  are 
thus  connected  by  the  sign  of  equality,  the  expression  itself  is 
called  an  equation. 


INTKODUCJ^OJ*. 


:  : :  :  proportion  The  signs  of  proportion  being  placed  between  numbers 
or  quantities  are  thus  read^  8  :  16  :  :  10  :  20^  as  8  is  to  16  sa 
is  10  to  20 ;  or  a  :  i  :  :  c  :  d',  as  a  is  to  6  so  is  c  to  <{. 

- .  *  therefore  In  mathematical  operations  the  word  therefore  or  conse- 
quently often  occurs,  to  express  which^  the  foregoing  symbol  is; 
generally  employed  thus,  •.•a  +  ft=c-frf,  is  read,  therefore 
a+£  is  equal  to  c-f  if* 

vMctdum  or  (  )  parenthesis  denotes  that  numbers  or  quantities 
having  the  former  symbol  drawn  over  them,  or  being  enclosed 
by  the  latter,  are  to  be  considered  as  one  quantity ;  thus 
6  X  4  +  8+12  or  6  (4  -f  8  -f  12)  signifies  that  6  is  to  be  multiplied 
by  the  sum  of  4,  8,  and  12 ;  and  77b. a^,  or  (fl-hi)  .  (a — A) 
denotes  that  the  sum  of  a  and  i  is  to  be  multiplied  by  their 
difference. 


o 

signifies  degrees ;  thus  45°  means  45  degrees. 

/ 

signifies  minutes ;  thus  30'  represent  30  minutes 

tf 

signifies  secmis ;  thus  15''  denotes  15  seconds. 

I 

signifies  angU. 

A 

signifies  triangle. 

L- 

signifies  right  angle 

Ls 

signifies  right-angled  triangle 

D 

signifies  square. 

© 

signifies  the  sun. 

]> 

signifies  the  moon. 

O 

signifies  the  suris  upper  limb. 

© 

signifies  the  sun's  lower  limb. 

y 

signifies  the  moon's  upper  limb. 

ft 

i. 

signifies  the  moon's  lower  limb 

3it 

signifies  a  star. 

ABBREVUTIONS. 

acc. 

account 

a.t.s.        apparent  time  at  ship 

alt. 

altitude 

ar.  CO.     arithmetical  complement 

a.m. 

ante  meridian 

azm.       azimuth 

amp. 

amplitude 

chro.       chronometer 

app. 

apparent 

CO.          complement 

ap.alt.     apparent  altitude 

cos.        co-sine 

8I6M8    OR   SYMBOLS. 


tx>sec 

co-secant 

m.t.s. 

mean  time  at  ship 

cot. 

oo-tangent 

N.A. 

Nautical  Almanac 

con. 

course 

ob&. 

observed. — observation 

dec. 

declination 

par. 

parallax 

dep. 

departure 

p.d. 

polar  distance 

diff.- 

differtnce 

p.l. 

proportional  logarithm 

diflt 

distance 

p.m. 

post  meridian 

d.r. 

dead  reckoning 

pro. 

proportion. — proportional 

6. 

(Greenwich 

pts. 

parts. — ^points 

h.a.  . 

hour  angle 

r.a. 

right  ascension 

h.p. 

horizontal  parallax 

sec 

secant 

int. 

intermediate 

sin. 

sine 

lat. 

latitude 

semd. 

semi-diameter 

log. 

logarithm. — ^logarithmic 

s.t. 

sidereal  time 

long. 

longitude 

T. 

• 

Table  (in  the  present  vol.) 

Inn.  obs  lunar  observation 

tang. 

tangent 

mag. 

magnetic 

T.T. 

Taylor's  Lunar  Tables 

mer. 

meridian 

<z.d. 

senith  dist 

midn. 

midnight 

zen. 

zenith 

xn.t.6. 

mean  time  at  Greenwich 

h.  m. 

s.  hours  minutes  seconds 

The  words  "  the  "  and  "  of  "  are  for  the  sake  of  brevity  often  omitted ; 
thus— "To  find  the  difference  of  Latitude,"  is  written  "To  find  */• 
ZfO/."  "The  meridian  altitude  of  the  Sun's  lower  Umb/'  is  written 
^M€r.AltO"&c. 


INTRODUOTION. 


ARITHMETIC,    Ac- 


XT  is  presumed,  tBat  pupils  commencing  the  study  of  Navigation, 
are  generally  prepared  in  those  branches  of  mathematics,  of  which 
Navigation  is  but  the  application  ;  and  therefore  it  would  be  useless,  as 
well  as  impossible  in  a  work  of  the  following  description,  to  enter  satis- 
factorily into  the  study  of  sciences,  a  competent  knowledge  of  which,  can 
only  be  obtained  from  works  devoted  exclusively  to  their  investigation  ; 
but  there  may  be  some  who  have  not  had  the  advantage  of  previous 
study,  to  whom  the  following  preUminary  information  may  be  serviceable, 
as  it  may  facilitate  their  progress  in  acquiring  a  knowledge  of  Practical 
Navigation. 


DECIMAL   AEITHMBTIC, 

If  an  tmit  be  broken  or  divided  into  a  certain  number  of  equal  parts, 
any  number  of  those  parts  considered  in  relation  to  the  whole,  constitutes 
a  fraction,  which  is  commonly  expressed  by  two  numbers  written  one 
above  the  other,  with  a  dash  or  hne  between  them.  The  number  below 
the  line  gives  the  name  to  the  fraction,  by  shewing  how  many  equal  parts 
the  unit  is  divided  into,  and  is  thence  called  the  denominator.  And  the 
number  above  the  line  is  called  the  numerator;  because  it  enumerates  or 
expresses  the  number  of  those  parts  contained  in  the  fraction.  Thus,  if 
the  unit  be  divided  into  seven  equal  parts,  each  part  is  denominated  a 
seventh;  and  if  four  of  those  parts  be  taken,  the  fraction  is  four-sevenths, 
and  is  written  thus  ^,  Fractions  thus  expressed  are  termed  Vulvar 
Fractions,  and  are  either  proper  or  improper.  A  proper  fraction  is  a 
fraction  whose  denominator  is  greater  than  the  numerator.  An  improper 
fraction  is  that  in  which  the  numerator  is  equal  to,  or  greater  than  the 
denominator.  The  value  of  the  former  is  therefore  less,  and  that  of  the 
latter  equal  to,  or  greater  than  unity,  or  1. 

A  fraction  having  for  its  denominator  an  unit  with  any  number  of 
ciphers  annexed,  is  called  a  D^ctma/ Fraction,  as-^^^,  -j^^,  -rloisf  ^^'  I^  ^^y 
however,  more  usually,  and  more  conveniently  expressed  by  setting  down 
the  numerator  only,  with  a  point  before  it  on  the  left-hand,  carefully 
observing  that  the  numerator  thus  expressed,  must  always  consist  of  as 
many  figures  as  there  are  ciphers  in  the  denominator;  and  if  it  has  not 
so  many,  the  deficiency  must  be  supplied  by  placing  ciphers  before  it, 
thus  7^Vd(T  ^*  written  *0075.  &c. 


DECIMALS.  5 

A  mixed  namber  is  composed  of  a  whole  number  and  a  fraction^  either 
vulgar  or  decimal,  thus  Sy/^i  or  5*75,  signifies  the  same  things  viz. : 
5  whole  units  and  75  one-hundredth  parts  of  an  unit; — ^the  fractional 
part  in  the  latter  form  being  separated  from  the  integral  by  a  dot,  called 
the  decimal  point.  Ciphers  on  the  left-hand  of  integers,  or  on  the  right 
hand  of  fractions^  do  not  alter  their  value;  but  when  ciphers  are  placed 
on  the  left  hand  of  a  decimal,  they  decrease  its  value  in  a  ten-fold  propor- 
tion; thus,  '5  is  -nr,  or  5-tenths,  but  '05  is  only  -j^q,  or  5-hundredthsj 
*005  is  only  -nnnr^  or  5 -thousandths,  &c.  Hence  it  is  obvious,  that  in 
decimals,  as  well  as  in  whole  numbers,  the  value  of  the  place  of  the 
figure  increases  towards  the  left-hand,  and  decreases  towards  the  right 
in  the  same  tenfold  proportion. 


ADDITION  OF  DECIMALS. 

Addition  of  decimals  is  performed  exactly  like  that  of  whole  numbers, 
observing  to  place  the  quantities  so  that  the  decimal  point  may  be  in  the 
same  vertical  line,  in  which  case  numbers  of  the  same  denomination  wiU 
stand  immediately  under  one  another. 

Examples, 


Add  together  27*5,   456,  -328, 
704,  and  37-86. 

27-5 
456- 

•328 
7-04 
37-86 

Sum  ....   528  -728 


Add  together  5  96,  205*4,    70, 
59-6,  and  '007. 


5-96 
205-4 
70- 
59-6 
•007 

340  967 


SUBTRACTION  OF  DECIMALS. 

Subtraction  of  decimals  is  likewise  performed  as  in  whole  numbers, 
observing,  as  before,  to  range  the  numbers  of  the  same  denomination, 
and  the  decimal  points,  directly  under  each  other. 


Examples, 


From  768-1404  take  36-571, 

768-1404 
36-571 

Refliainder  . . . .   731*5694 


From  365  take  -46072, 

365 

•46072 


Rem.  . .   364  53928 


(i 


INTaODUCTlON. 


From  24-0617  take  12-759, 


24-0617 
12-759 


Rem 11-3027 


From  8071  take  5070065, 

807-1 
507  0065 

Rem. . .  300  -0935 


MULTIPLICATION   OF  DECIMALS. 

Make  that  term  which  consists  of  the  fewer  figures  the  multipUer^  and 
placing  it  under  the  other  (without  regarding  whether  the  decimal  points 
fall  under  each  other  or  not) ;  multiply  them  together  as  in  whole  num- 
bers, observing  to  point  off  as  many  decimals  in  the  product,  counting 
from  the  right-hand,  as  there  are  decimal  places  in  both  factors ;  should 
it  happen  that  there  are  not  so  many  figures  in  the  product  as  the  num  - 
ber  of  fractional  places  required,  prefix  as  many  cyphers  on  the  left-hand 
as  will  supply  the  defect. 

Examples, 


Multiply  together  40*76  and  3*75 

40  '76  ;maltiplicand 
3*75  multiplier 


20380 
28532 
12228 


152*8500  product 


Multiply  together  -5078  and  -0684, 

-5078  multiplicand 
-0684  multiplier 


20312 
40624 
30468 


03473352  product 


DIVISION    OP   DECIMALS. 

Divide  as  in  whole  numbers,  observing  to  point  off  as  many  decimal 
places  in  the  quotient,  as  the  decimal  places  in  the  dividend  exceed  those 
in  the  divisor.  If  there  be  not  as  many  figures  in  the  quotient  as  are 
equal  to  that  excess,  supply  the  deficiency  by  prefixing  ciphers,  and 
place  the  decimal  point  before  them,  If  the  dividend  have  just  the  same 
number  of  decimals  as  the  divisor,  the  quotient  will  be  a  whole  number, 
without  any  decimal  places.  When  the  decimal  places  in  the  divisor 
exceed  those  in  the  dividend,  or  when  there  happens  to  be  a  remainder 
after  the  division,  then  ciphers  may  be  annexed,  and  the  operation 
continued  as  far  as  may  be  deemed  necessary. 


Divide  378-5611  by  4568, 

Diviaor.     Dividend.     Quotient . 
•4568)378-5611  (828 
36544 

13121 
9136 


Examples^ 

Divide  126670  by  478, 

Divisor.    Dividend.     Quotient. 
478)  126-670  (  -265 
956 


39851 
36544 


3307 


3107 
2868 

2390 
2390 


CLECIMALS. 


Divide  4-1472  by  54 

Diriflor.    Diyidend.    Quotient. 

54  )  4  -1472  (  -0768 
378 


367 
324 


432 
432 


Divide  5  by  18, 

Divisor.  Dividend.  Quotient. 

18  )  5  0  (   -277  &c 
36 


140 
126 

140 
126 


14  &c. 


REDUCTION    OF  DECIMALS. 
To  reduce  a  Vulgar  Fraction  to  a  Decimal  Fraction  of  equal  value. 

Rule. — Divide  the  numerator  with  a  cipher  or  ciphers  annexed,  by 
the  denominator,  and  the  quotient  will  be  the  required  decimal.  It  will 
however,  in  most  cases,  be  sufficient  to  understand  the  ciphers  to  be  so 
annexed,  without  actually  expressing  them. 

Examples^ 
Reduce  4,  i,  |,  and  |,  to  equivalent  decimal  fractions. 

4)1-0  2)1  4)3  8)7 


•25 


75 


•875 


7o  reAice  a  number  conmting  of  one  or  more  denominatioM,  to  a  decimal 

fraction  of  a  higher  denomination. 

Rule. — If  the  given  number  consist  of  but  one  denomination,  consider 
it  as  a  fraction  of  a  higher  denomination  of  the  same  kind  of  quantity; 
as,  a  second  the  ^V  of  a  minute,  a  league  the  -^o  of  a  degree,  and  so  on' 
then  find  the  equivalent  decimal  by  the  foregoing  rule. 


Examples, 

Reduce  45  miles  to  the  decimal 
of  a  d^ree. 

60)45 

'75    Answer 


Reduce  15  minutes  to  the  deci- 
mal  of  an  hour. 

60)15 


'25   Answer. 


if  the  given  number  consist  of  several  denominations,  to  bring  it  to  a 
tedmal  of  its  greatest  name,  write  the  several  denominations  orderly  one 
under  another,  commencing  with  the  lowest  denomination,  and  let  these 
be  considered  as  dividends,  and  en  their  left  draw  a  perpendicular  line. 
Against  each  of  the  foregoing  denominations  on  the  other  side  of  the  line, 
write  the  number  of  the  less  denomination  that  makes  one  of  the  next 
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INTRODUCTION. 


greater^  and  let  these  stand  as  divisors  to  the  former  dividends.  Divide 
each  dividend  by  its  respective  divisor,  commencing  at  the  top^  and  se 
the  quotient  arising  from  each  operation  as  fractions^  on  the  right  of  th( 
dividend  immediately  below  it.  Let  this  mixed  number  be  divided  b] 
its  divisor^  placing  the  quotient  as  before,  and  so  on,  till  each  dividenc 
has  been  divided  by  its  respective  divisor^  and  the  last  quotient  will  b< 
the  decimal  fraction  sought. 

Ewamples, 

Reduce  12  leagues  2  miles  7  fur-         Beduce  4h.  10m.  50s.  to  the  de 
longs  to  the  decimal.  cimal  of  a  day. 

60    50 


8 

7 

3 

2-875 

20 

12*9583333  &c. 

•6479166  &c. 

60 


24 


10-8333  &c. 


4-18055  &c. 


17419    X 


To  find  the  value  of  a  decimal  fraction  of  a  superior  denomination,  in  parti 

of  the  integer  of  inferior  denominations. 

m 

Bule. — Multiply  the  given  decimal  by  the  number  of  parts  contained 
in  the  next  inferior  denomination,  pointing  off  from  the  right-hand  oi 
the  product  so  many  figures  for  decimals  as  the  given  decimal  consists  of 
Multiply  the  figures  so  pointed  off  by  the  number  of  parts  contained  in 
the  next  inferior  denomination,  and  from  the  result  cut  off  the  decimal 
places  as  before :  proceed  thus  till  the  least  known  or  required  parts 
of  the  integer  are  brought  out ;  then  the  several  denominations  on  the 
left-hand  of  the  decimal  pointSj  will  express  the  value  of  the  given 
decimal  fraction. 


EAamples, 
Required  the  value  of  *745  of  an  hour. 


745 
60 


Or  more  briefly, 


•745 
60 


Minntes    44*700 

60 


Minutes    44*7|00 
60 


«  Seconds        42-000 


Seconds    42 


Uence  the  required  value  is  44m.  42s. 


DKCIMALt. 


Required 


-46795 
60 


Hiniitei    28  •077100 

60 


Seconds 


4  -6210 
60 


Thirds    37*20 


Hence  the  required  value  is  28'  4"  37-2'" 
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THE  RULE  OP  THREE  IN  DECIMALS. 

U  the  terms  consist  of  several  denominations,  the  inferior  parts  arc 
to  be  reduced  to  decimals  of  the  highest  denomination  mentioned,  by 
the  preceding  rules.  Then  state  the  question,  and  proceed  as  in  the 
c»mmon  Rule  of  Three  Direct ;  that  is,  place  the  numbers  in  such  order, 
that  the  first  and  third  terms  may  be  of  the  same  kind,  and  the  second 
the  same  as  the  number  required. 

Multiply  the  second  and  third  terms  together,  and  divide  the  product 
by  the  first  term,  then  the  quotient  will  be  the  answer  in  the  same 
denomination  as  the  second  term,  observing  to  point  off  the  decimal 
places  according  to  the  directions  already  given. 


K  a  chronometer  lose  l*75s.  per 
day,  what  is  its  loss  in  14h.  30m.7 


14Ii.30m. 


24 


14  -5  h. 

;   1-75 
14*5 

875 
700 
175 


14*5 


If  i  of  a  ship  cost  £740.  10^, 
what  will  f  of  her  be  worth  ? 


»=-75 

i»  625 

£ 
740  10 « 740 -5 


'75  :  740*5::  -625 
-625 


#. 


24  )  25  '375  (  1  057  Ansiv«r 
24 

137 
120 


175 

168 


37025 
.14810 
44430 

• 

J9 

•75)462 -8125(617 -08  4- 
450        20 

128 
75 

t.   1-60 
12 

531 
525 

<fr  7-20 

4 

625 
600 

80 

25 

Therefore  f  is  worth  £617.  1«.  7J<f.  nearly. 

2 
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LOGARITHMS. 

Logarithms  are  a  series  of  numbers  designed  to  abridge  elaborate 
calculations  in  arithmetic^  and  were  originally  inrented  by  BaronNapier^ 
for  the  purpose  of  facilitating  computations  in  plane  and  spherical  trigo- 
nometry. By  means  of  these  artificial  numbers,  the  operation  of  multi- 
plication may  be  performed  by  addition^  and  division  by  subtraction  ; 
numbers  may  be  involved  to  any  power  by  simple  multiplication,  and  the 
root  of  any  power  may  be  extracted  by  division  only. 


MULTIPLICATION. 

Rule. — Add  the  logarithms  of  the  factors  *  together  (T.4.)  and  the 
natural  number  answering  to  the  sum  will  be  the  product  sought. 
If  either  or  both  of  the  factors  should  eonsist  wholly  of  decimals,  and 
the  index  of  the  sum  exceed  10,  reject  the  10,  and  the  remainder 
will  be  the  index  of  the  logarithm  answering  to  the  product. 

Examples. 


Required  the  product  of  76  and  48 


Log.  of  76  = 
Log.  of  48  » 


1  -88081 
1  -68124 


Product  3648  »  Log.  3-56205 


Required  the  product  of  '82  by065 


Log.  of 
Log.  of 


•82     = 
-065   = 


9-91381 
8-61291 


Product     0533  »  Log.  8*72672 


Required  the  product  of  1765         Required  the  product    of    734 
and  5-5.  by  19. 


Log.  of  176*5  » 
Log.  of   5  *5  » 


2 -24675 
0-74036 


Product    970*8  »  Log.  2*98711 


Log.  of      734  =« 
Log.  of        19  » 


2  -86570 
1 -27875 


Product     13946  »  Log.  4-14445 


DIVISION. 


Rule. — From  the  logarithm  of  the  dividend  subtract  the  logarithm  of 
the  divisor,  and  the  remainder  will  be  the  logarithm  of  the  quotient.  If 
the  logarithm  of  the  divisor  be  greater  than  that  of  the  dividend,  increase 
the  index  of  the  latter  by  10. 


Divide  9052  by  62. 

Log  of    9052  » 
Log.  of        62  « 


3-95675 
1-79239 


Exofnples* 

Divide  -00099  by  -19. 

Log.  of  -06099  « 
Log.  of         -19  = 


Quotient    146  »  Log.  2-16436 


8-78526 
9*27875 


Quotient        -321  <=  Log.  9*50651 


'l*  For  the  method  of  taking  out  the  logarithms  lee  explanation  to  Table  4. 
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RVLB     OF     THREE. 

Rale  1. — Add  together  the  logarithms  of  the  second  and  third  terms^ 
and  firom  their  sain  subtract  the  logarithm  of  the  first  term^  the  remain- 
der will  be  the  logarithm  of  the  fourth  term. 

Role  2. — Add  togethei  the  arithmetical  complement  of  the  logarithm 
of  the  first  term  and  the  logarithms  of  the  second  and  third  terms,  their 
sum,  rejecting  10  kk  the  index,  will  be  the  logarithm  of  the  foiirth 
term. 

In  stating  questions  in  this  rule,  it  will  obviously  be  more  convenient 
to  range  the  terms  one  under  another,  in  a  vertical  column,  than  to 
place  them  in  a  horizontal  hue,  as  in  common  arithmetic. 

m 

Examples. 
If  a  chronometer  gain  l'75s.  in  a  day,  what  is  its  gain  in  14*5h  ? 


By  Rule  1. 
As  24h.  log.  I  -38021 


1  -758. 
14  -Sh. 


log.  0-24304 
log.  1  16137 

1  -40441 
1  -38021 


By  Rttle  2. 

As  24h.  arith.  to.  log.  8-61979 
;   l-75fl.  log.  0*24304 

::   14-5  log.  1-16137 


1057 


log.  0  02420 


10571.        log.  0-02420 


What  is  the  worth  of  f  of  a  ship,  |  of  which  cost  £7^0  10^  ? 


1=  -625  f  «  -75 

By  Role  1. 
As  -75  log.  9  -87506 


740-5 
•625 


log.  2*86953 
log.  9-79588 

12-66541 
9  -87506 


:    £617  1        log.  2-79035 


^^740  I0s.^£7i0.b 

By  Role  2. 
As  75  arith,   oo.  log.  0-12494 


740-5 
::    -625 

:  ifon-i 


log.  2-86953 
log.  9*79581 

log.  2-79035 
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PRACTICAL    GEOMETET. 

DBFINITIONg. 

Gbombtrt,  derived  from  the  Greek  words,  signifying  the  art  of 
measuring  the  Earth,  is  that  branch  of  Mathematics  which  treats  of  the 
magnitudes  of  dimensions,  as,  for  instance,  of  lines,  angles,  surfaces,  and 
solids. 

A  point f  ( ' )  is  that  which  has  position,  but  no  magnitude,  nor  dimen- 
sions, neither  length,  breadth,  nor  thickness. 

A  line,  is  length  without  breadth  or  thickness. 

A  straight  line,  or  right  line,   is  that  which  lies 
evenly  between  its  extreme  points;   or,  as  defined  by 

Archimedes,  it  is  the  shortest  distance  between  two  ^ -b 

points,  as  a  b. 

A  curve  line,  is  a  line  that  continually  changes  its 
direction  between  its  extreme  points,  as  c  d. 

Parallel  lines  are  always  at  the  same  perpendicular  ^, 
distance  from  each  other,  and  consequently  never  meet 
though  produced  ad  infinitum ;  as  ab  and  cd,  or  ab 
and  cd. 

A  rectilinear  angle  is  the  inclination  of  two 
straight  lines  to  one  another,  and  meeting  in  a 
point  called  the  angular  point,  or  the  vertex 
of  the  angle,  and  the  lines  jihemselves  are  called 
the  legs,  as  ab,  or  ac.  ^ 

When  more  angles  than  one  meet  at  the  same  point,  any  one  of  them 
is  expressed  by  three  letters,  of  which  the  letter  at  the  vertex  or  point  in 
which  the  straight  lines  meet,  is  placed  between  the  other  two  letters. 
If  there  be  only  one  angle  at  the  point,  it  may  also  be  so  expressed ;  but  it 
is  more  common  in  the  latter  case,  to  express  the  angle  by  that  letter  only 
which  is  at  the  vertex  of  the  angle.  Thus,  the  angle  in  the  annexed 
figure  may  be  called  the  angle  bag,  or  simply  the  a^gle  a. 

An  angle  is  measured  by  an  arc  of  a  circle  described  about  the  angular 
point  as  a  centre,  the  value  of  the  angle  being  estimated  by  the  number 
of  degrees,  minutes,  and  seconds,  or  points  and  quarter-points  of  the 
compass,  cut  off  from  the  circle  by  the  lines  which  form  the  angle. 

When  a  straight  line  standmg  on  another  straight 
line  makes  the  adjacent  angles  equal  to  one  another, 
each  of  the  angles  is  called  a  right  angle,  and  the 
straight  Une  which  stands  on  the  other  is  called  a 
perpendicular  to  it:  thus  the  line  ac  is  perpendicu- 
lar to  db,  and  makes  with  it  the  two  adjacent  angles 
CAD,  CAB,  equal  to  one  another,  each  being  a  right  angle  containing 
90^  or  8  points. 

Each  of  the  figures  into  which  the  semi -circle,  dcb,  is  divided  by  the 
line  AC,  is  called  a  quadrant,  being  a  quarter  of  a  circle. 
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An  acute  angle  is  that  which  is  less  than  a 
right  angle,  or  90^  as  bag. 


An  obtuse  angle  is  that  which  is  greater  than  a  right   y* 
angle,  as  fbe. 


BectiUn&ar  figures  are  those  which  are  contained  by  right  lines. 

The  smallest  number  of  right  lines  that  can  include  a  space  is  three. 

A  figure  formed  by  three  right  lines  is  called  a  trilateral  figure,   or 
triangle,  and  it  consists  of  six  parts,  viz.  three  sides  and  three  angles. 


TViangles  are  of  various  kinds,  and  are  named  accord- 
ing to  the  relative  length  of  thdr  sides,  or  the  magnitude 
of  their  angles.  An  equilateral  triangle  is  that  which  has 
three,  equal  sides,  abc. 


An  isosceles  triangle  is  that  which  has  only  two  equal 
sides,  as  ohi. 


A  scalene  triangle  is  that  whiJkhas  three 
unequal  sides,  as  cab. 


A  right-angled  triangle  is  that  which  has  one 
right  angle,  as  BAa 

In  a  right-angled  triangle,  the  side  oppposite  to 
the  right  angle  is  called  the  hypottienuse,  as  d. 
The  other  two  sides  are  called  the  legs'^  that 
which  is  upright  is  called  the  perpendicular^  as  ab  ; 
and  the  horizontal  line,  as  ac,  is  denominated 
the  base. 


An   acute-angled  triangle   has    all  its   three 
angles  acute,  as  def. 
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An  obtuse-angled  triangle  is  that  which  has  one  of  > 
its  angles  obtuse,  as  the  angle  a,  in  the  triangle  abg. 

A  circle  is  a  plane  figure  bounded  by  a  regular  curve 
line,  called  the  circumference  or  periphery,  every  point 
of  which  is  equi-distant  from  a  certain  point  within  the 
figure,  called  the  centre,  as  d. 

The  circumference  itself  is  often  called  a  circle. 

The  circumference  of  every  circle  is  conceived  to  be  divided  into  360 
equal  parts  called  degrees ;  and  each  degree  into  60  equal  parts  called 
minutes ;  each  minute  into  60  equal  parts  called  seconds  ;  and  each 
second  into  60  equal  parts  called  thirds. 

The  circumference  of  the  circle  is  also  divided  into  32  equal  parts 
called  points  of  the  compass,  each  containing  11''  15' ;  and  these  points 
are  again  divided  each  into  4  equal  parts  called  quarter  points. 

The  diameter  of  a  circle  is  a  straight  line,  as  abh, 
drawn  through  the  centre  of  the  circle  and  termi- 
nated each  way  by  the  circumference. 

A  semicircle  is  the  figure  contained  by  a  diameter 
and  the  part  of  the  circumference  cut  off  by  the 
diameter,  as  adh,  or  agh.  The  half  circumfe- 
rence contains  ISO"".  The  radius  of  a  circle  is  a 
straight  line  drawn  from  the  centre  of  the  circle  to 
the  circumference,  as  bd. 

An  arc  of  a  circle  is  any  portion  of  its  circumference  greater  or  less 
than  a  half,  as  edf,  or  bof. 

A  chord  is  a  right  line,  as  ef,  joining  the  extremities  of  an  arc,  and 
dividing  the  circle  into  two  parts.  The  chord  is  also  sometimes  called 
the  subtense  of  an  arch  or  arc. 

A  segment  of  a  circle  is  a  figure  contained  by  a  chord  and  the  arc  of 
the  circle  it  cuts  off,  as  egf. 

Similar  figures  are  those  whioh  have  all  the  angles  of  the  one  equal  to 
all  the  angles  of  the  other,  and  the  corresponding  sides  about  the  angles 
of  each  figure,  homologous,  or  similarly  situated. 

The  perimeter  of  a  figure  is  the  sum  of  all  its  sides. 

A  problem  is  an  operation  proposed  to  be  done. 

A  theorem  is  a  truth  proposed  to  be  demonstrated. 


GEOMETRY.  Id 

A  lemma  is  a  preparatory  proposition  to  render  what  follows  more  easy. 

A  corollary  is  a  consequent  truths  immediately   deduced  from   some 
preceding  demonstration. 

A  scholium  is  a  remark  made  upon  something  going  before  it. 
An  axiom  is  a  self  evident  truth. 

A  postulate  is  a  request  to  admit  the  possibility  of  performing  a  certain 
simple  operation. 

A  proposition  is  a  general  term  signifying  either  a  problem  or  a 
theorem. 

AXIOMS. 

1.  Things  which  are  equal  to  the  same  thing,  are  equal  to  each  other. 

2.  When  equals  are  added  to  equals^  the  wholes  are  equal. 

3.  When  equals  are  taken  from  equals,  the  remainders  are  equal 

4.  When  equals  are  added  to  unequals,  the  wholes  are  unequal. 

5.  When  equals  are  taken  from  unequals,  the  remainders  are  unequal. 

6.  Things  which  are  like  multiples  of  the  same,  or  of  equal  things, 
are  equal  to  each  other. 

7.  Things  which  are  like  parts  of  the  same,  or  of  equal  things,  are 
equal  to  each  other. 

8.  The  whole  of  any  thing  is  equal  to  the  sum  of  all  its  parts. 

9.  The  whole  of  any  thing  is  greater  than  a  part  of  it. 

10.  Magnitudes  which  coincide  with  one  another,  or  fill  the  same 
space,  are  identical  or  mutually  equal  in  all  respects. 

11.  All  right  angles  are  equal  to  one  another. 

12.  If  two  straight  lines  are  parallel  to  each  other,  a  line  which 
meets  one  of  them  will,  if  produced,  meet  the  other. 

13.  If  two  straight  Unes  intersect  each  other,  they  cannot  both  be 
parallel  to  the  same  straight  line. 

POSTULATES. 

1.  Let  it  be  granted  that  a  straight  line  may  be  drawn  from  any 
one  point  to  any  other  point. 

.2.  That  a  straight  line  may  be  produced  to  any  length  in  the  same 
direction. 

3.  That  a  circle  may  be  described  round  any  point  as  a  centre^ 
and  with  any  radius. 
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THEOREMS. 

Theorem  1.         [Euclid  i,  13.] 

j(jf  one  line  falls  on  another  the  angles  it  makes  with  it  are  either  two 
right  angles,  or  are  together  equal  to  two  right  angles. 

Let  AB  meet  the  line  dc,  then  the  angles  cbb 
CDA  taken  together  are  equal  to  two  right  angles. 
For  let  DH  be  perpendicular  to  -  ib,  the  angles 
ABH^  HDB^  are  equal  and  right  angles ;  but  the 
angle  ado  is  greater,  and  the  angle  cdb  less  by 
the  Z  HDC,  than  a  right  angle ;  therefore  if  the 
angle  hdc  were  added  to  the  angle  cdb,  or  sub- a- 


tracted  from  cda,  the  angle  hdb,  in  the  first  case,  or  hba  in  the  other 
would  be  a  right  angle;  therefore  the  angles  cdb  and  cda  are  together 
equal  to  two  right  angles,     qed. 

Theorem  II.     [Eu.  i.  15.] 

Two  straight  lines,  as  ab,  dc,  intersecting  each  other  at  the  point  e 
make  the  vertical  or  opposite  angles  equal. 

The  angle  cea  is  equal  to  the  angle  bed, 
likewise  the  angle  ceb  is  equal  to  the  angle 
aed;  for  by  Theo.  I.  [Eu.  i.  13.]  the  angles, 
CEB,  bed  are  e  {ual  to  two  right  angles,  and  in 
like  manner  the  angles  aed,  bed  taken  to- 
gether are  equal  to  two  right  angles;  take  away  the  common  angle  bed, 
and  the  angle  ceb  will  be  equal  to  the  angle  aed. 

Again,  the  angles  abc,  ceb  are  equal  to  two  right  angles,  and  are 
therefore  equal  to  the  angles  ceb,  bed;  take  away  the  common  angle 
ceb,  and  the  angle  aec  will  be  equal  to  the  angle  bed.  Quod  erat  de- 
monstrandum. 

Theorem  III.     [Eu.  i.  29.] 

When  a  line  falls  on  two  parallel  lines,  it  makes  the  alternate  angles 
equal,  and  the  angles  at  the  same  side  of  one  line  equal  those  on  the  same 
dde  of  the  other. 

Let  the  line  ef  cut  the  two  parallel  lines  ab 
DC,  then  will  the  outward  angle  bob,  be  equal 
to  the  inward  opposite  angle  ghd,  on  the  same 
side  of  the  line  ef  ;  and  the  two  inward  angles 
boh  ghd,  taken  together,  will  be  equal  to  two 
right  angles. 

We  must  first  prove  the  alternate  angles  equal 
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thus : — Since  the  two  lines  are  parallel,  the  alternate  angles  agh,  qhd, 
as  well  as  the  other  alternate  angles  bgh,  ghc,  must  be  equal;  for  if  the 
angle  agh  be  not  equal  to  ghd,  it  must  be  either  greater  or  less  than  it : 
if  greater  agh  would  be  the  exterior  angle^  and  ghd,  the  interior  angle 
of  a  triangle  [Eu.  i.  16.],  and  ab  and  co^  produced  through  the  points 
B  and  D,  should  meet  and  form  two  sides  of  this  triangle;  but  ab,  cd 
cannot  meet,  because  they  are  parallel :  hence  agh  is  not  greater  than 
OHD,  neither  can  it  be  less,  for  in  this  case,  ab  and  cd,  if  produced 
through  the  points  a  and  c  would  at  length  meet,  which  is  equally  against 
the  hypothesis.  Wherefore  the  angle  agh  is  neither  greater  than  ghd, 
nor  less  than  it ;  it  must  therefore  be  equal  to  it :  hence  the  alternate 
angles  are  equal. 

Again,  since  the  angle  agh  is  equal  to  the  alternate  angle  ghd,  and 
the  angle  agh  is  equal  to  the  opposite  angle  bgb  ;  therefore  the  angle 
EGB,  is  also  equal  to  the  angle  ghd.    q.e.d. 

Theorem  IV.     [Eu.  i.  8.] 

If  of  any  two  triangles  the  three  sides  of  the  one  are  equal  to  the 
three  sides  of  the  ot/ur,  the  triangles  are  equal  and  their'  anghs 
equal. 


Let  the  perpendicular  ad=ec,  the  base  ab  =  bc, 
and  db  =  be,  then  by  placing  the  triangle  bec  on  the 
triangle  adb,  the  sides  and  angles  will  coincide  with 
each  other  and  be  equal. 


Theorem  V,     [Eu.  i.  5,] 

In  an  isosceles  triangle  tlie  angles  at  the  base  ore  equal;  or,  if  a 
triangle  have  two  sides  equal,  their  opposite  angles  are  also  equal. 

If  the  triangle  be  p  have  the  side  be,  equal  lo  e  p,  then  the  angle  at 
b  will  be  equal  to  the  angle  at  /?  An  isosceles  triangle  formed  by  two 
equal  and  similar  triangles,  as  bbc  ce;?  will  have  two  sides,  and  the  con- 
tained angle  of  the  one  equal  to  the  two  sides  and  contained  angle  of  the 
other;  as  the  side  BE=sEp,  and  the  angle  bec=c/?ec,  and  the  eidcBC 
common.     (See  the  preceding  figure.) 

Theorem  VI.    [Eu.  i.  16.] 

When  one  side  of  a  triangle  is  pi-oduced,  the  outward  angle  is 
greater  than  either  of  the  two  inward  opposite  angles. 

In  the  triangle  abc  let  the  side  ac  be  produced  to  d,  then  the  angle 
BCD  is  greater  than  the  angles  a  or  b,  for  draw  ch  parallel  to  ab,  then 
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the  angle  hcd  will  be  equal  to  lac, 
by  Theorem  III,  [Eu.  i.  29.]  and  if 
CB  and  AB  be  produced  to  k  and  p, 
the  angle  Bcii  will  be  equal  to  ebp  ; 
but  the  angle  ebp  is  equal  to  the 
angle  abc,  by  Theo.  II.  fEu.  i.  15.] 
therefore  the  angle  bcd  is  equal  to 
the  angles  bag  abc,  consequently 
must  be  greater  than  either  singly :  q.e.d. 
32.J  also. 


This  proves  in  part  [Eu.  i. 


Theorem  VII.     [Eu.  i.  18  and  19.] 

The  greater  side  in  any  triangle  subtends  the  greater  angle,  and  vice  versa. 

Let  ABC  be  a  triangle  having  the  side  ab  greater  ^ 

than  the  side  ac,  then  will  the  angle  acb,  oppo- 
site the  greater  side  ab,  be  greater  thaa  the  angle 
n  opposite  the  less  side  ac  ;  for  on  the  greater  , 
hide  ab,  take  the  part  ad  equal  to  the  less  side 
AC,  and  join  nc;  then  it  is  evident  the  angle  acb  is  greater  than  acd 
by  the  angle  ucb.  But  acd= ado  Theo  V.  [Eu.  i  5.]  and  adc  is  greater 
than  ABC,  [Eu.  i.  16.]  much  more  then  is  acb  greater  than  abc.  The 
Kuinc  may  be  observed  of  the  sides  ac  and  cb,  and  the  angles  abc,  bac. 
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Theorem  VIII.     [Eu.  i.  24.] 

Jf  (iL'o  triangles  have  two  sides  of  the  one  equal  to  two  sides  of  the 
other,  Lw  the  included  angle  of  the  one  greater  than  the  included  angle  of 
the  of  her,  then  the  side  opposite  the  greater  angle  will  be  greater  than  the 
aide  opposite  //w?  l.ss  angle. 

Let  AUD  and  efii  be  two  triangles, 
Imving  the  side.^  ab  bd  equal  to  the 
^.i(lt:^i  III',  ru,  aiid  the  angle  epu  greater 
tliim  the  angl(;  adb,  then  the  side  eu 
^^   '^Tnter  than  (he  side  ad;  for  let  the 

'j:le  A!;!)  =  riur,  the  angle  bph  will  i^ 
L  ii  ss  than  the  angle  efii,  by  the 
aii-lc  EPB,  join  eb,  then  the  angle  fbe  (=feb)  [Eu.  i.  5.]  is  greater 
llian  BT-ii ;  much  more  is  hbe  greater  than  beii,  therefore  by  [Eu.  i.  19.] 
the  base  eu  is  greater  than  im,  or  ad.    q.e.d. 
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Theorem  IX.    [Eu.  i.  20.] 

In  any  triangle  the  sum  of  ant/  two  sides  is  greater  than  the  thirds  as  in 
the  triangle  abc. 

AB  Bc  together  are  greater  than  ac,  for  pro- 
duce AB  to  D^  and  make  bc  equal  bd,  then  ad 
will  be  equal  to  the  sum  of  the  two  sides  ab  bc  ; 
and,  [£u.  i.  5.]  the  angles  bcd  bdc  are  equals 
therefore  the  whole  angle  acd  is-  gi-eater  than  the 
angle  bdc,   and,   [Eu.  i.  19.]  ad  is  greater  than       ^-^  \ 

AC.       Q.E.D. 
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Theorem  X.     [Eu.  i.  32.] 

In  any  triangle  the  sum  of  the  three  angles  is  equal  to  two  right 
angles. 

For  in  the  triangle  abc,  let  ac  be  produ- 
ced to  D,  the  angle  bcd,  by  Theorem  VI, 
will  be  equal  to  the  angles  at  a  and  n,  and 
[Eu.  i.  13]  the  angles  bcd  +  bca  are  equal  to 
two  right  angles,  therefore  abc  +  bac  +  bca, 
are  together  equal  to  two  right  angles.  a^ ^  — :^D 

Theorem  XI.     [Eu.  i.  32.  Cor.  1.] 

In  any  figure  whatever,  the  sum  of  all  the  inward  angles  taken 
together,  is  equal  to  twice  as  many  right  angles,  wanting  four,  as  the 
figure  has  sides. 

Let  abode  be  any  figure,  the  sum  of  all  its  inward 
angles  at  abcde  is  equal  to  ten  right  angles  wanting 
four  right  angles;  for  if  five  triangles  bc  constructed 
on  this  figure  towards  the  centre,  each  triangle  will 
be  equal  to  two  right  angles,  by  [Eu.  i.  32.],  and  by 
[Eu.  i.  15.],  all  the  angles  at  the  centre  /are  equal 
to  four  right  angles,  therefore  the  five  inward  angles 
abcdb,  want  the  four  right  angles  at  the  centre  /  to 
make  up  ten  right  angles,  that  is,  twice  as  many  right  angles  as  the 
fi^re  has  sides. 

T/ieorem  XII.     [Eu.  i.  32.  Cor.  ii.] 

In  any  figure  when  every  side  is  produced  out,  the  sum  of  all  the  out* 
ward  angles  is  equal  to  four  right  angles. 

Let  the  outward  angles  bc  denoted  by  abcdb,  and 
the  interior  angles  by  12345,  then  [Eu.  i.  13.]  each 
of  the  outward  with  its  inward  angle,  is  equal  to  two 
right  angles,  being  the  two  angles  made  by  cne  line 
meeting  another.  The  sum  of  all  the  outward  and 
inward  angles,  is  equal  to  twice  as  many  right  angles 
as  the  figure  has  sides;  but  the  sum  of  all  the  inward 
angles  is  equal  to  twice  as  man'    right  angles  as  the 
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figure  has  sides,  wanting  four  right  angles; — therefore  the  sum  of  all  the 
outward  angles  is  equal  to  four  right  angles.  [Ax.  i.] 

Theorem  XIII.     [Eu.  ii.  4.] 

T/ie  square  of  a  whole  line  is  equal  to  the  sum  oftJie  squares  of  its  two 
parts,  together  unll  twice  the  rectangle  of  those  parts. 

Let  ABOF  be  the  square  on  the  line  ab,  which 
line  divide  in  the  point  c.  The  squares  of  ac  a 
and  CB  together,  with  twice  the  rectangle  ac 
and  CB,  are  equal  to  the  square  abfo,  for  from 
the  point  c  draw  the  line  ch  parallel  to  bf  ;  and 
again,  make  bf  equal  co  cb,  and  draw  ed 
parallel  to  ab  ;  then  de  will  be  equal  to  ac  or  to 
OH,  and  also  to  each  of  the  lines,  dg,  eh,  ff, 


and  also  cb  to  ep,  ce  or  bf,  then  cbbf  will  be  qi s — p 

the  square  of  one  of  the  parts,  and  dehg  the 

square  of  the  other  part.  Also  the  parallelogram  sffu,  equal  to  aced, 
[Eu.  i.  43.]  both  together  being  twice  the  rectangle  of  the  two  parts; 
add  the  square  of  cb,  and  the  sum  will  equal  the  square  of  ab.  Or  thus  : 
let  one  of  the  parts  be  x  the  other  y,  then  x-\-y  squared  will  be 
x^-\-2xy-\-y^,  equal  to  the  square  of  the  whole  line. 

TIceorcm  XIV.     [Cor.  Eu.  ii.  4.] 

The  square  of  the  difference  of  two  lines,  is  less  than  the  sum  of  th:ir 
squares,  by  twice  the  rectangle  of  the  said  lines,       (See  the  last  figure.) 

Let  ab  and  en  be  the  two  lines,  dbgh  the  square  of  AC=the  diffe- 
rence of  the  lines,  and  cbeF  the  square  of  the  other  line  cb  ;  now  if  the 
square  of  their  difference,  which  is  degh  be  taken  away,  it  will  leave 
the  rectangular  parallellograms  ae,  ef,  plus  twice  the  square  of  bc,  that 
is  the  rectangle  ab,  bc.  Or  thus  :  let  one  line  be  ar,  the  other  y  ;  what 
is  the  square  of  their  difference?  x — y  squared,  gives  ar^  +  y* — 2xy, 
as  before. 

Theorem  XV.     [Eu.  ii.  5.  Cor.] 

The  difference  of  the  sguares  of  any  two  right  lines  is  equal  to  the 
rectangle  of  their  sum  and  difference.  (See  figure  in  'Ihcorcm  xiii.) 

Let  AB,  CB  be  the  two  lines,  then  ac  is  their  difference;  and  the 
square  of  ab,  less  the  square  of  cb  is  equal  to  the  rectangle  contained 
under  ab4-bc  and  ac  (their  sum  and  difference),  for  the  parallelogram 
DLON  is  the  rectangle  contained  by  their  sum  and  difference  and  the 
parallelogram  fn  is  equal  to  ef,  for  bf  is  equal  to  fl  and  ff  to  ac  ;  Or 
thus,  let  one  line  bc  x  the  other  y  then  x  +  yx  x — y=a-'^  — y'-^ 


OEOMETRV. 


21 


Theorem  XVL     [Eu.  1.  47-] 

The  square  of  the  hypothenuse  or  side  sjih  tending  the  right  angle  of  any 
right-angled  triangle,  is  equal  to  tJie  sum  of  the  squares  of  the  two  legs,  or 
sides  containing  the  right  angle. 

Let  ABC  be  the  right  angled  triangle  of 
which  the  angle  adc  is  the  right  angle ; 
describe  squares  upon  the  two  sides  ab  bc 
as  in  the  diagram ;  the  figure  aikc  upon 
the  side  AC,  is  also  a  square,  and  equal  to 
the  sum  of  the  squares  asde  and  bcfo, 
upon  the  sides  ab  and  9C.  That  ak  is  a 
square  may  be  thus  proved.  At  the  ex- 
tremities of  the  hypothenuse  ac,  draw  the 
p^^rpcndiculars  ai  and  ck  meetiDg  ed  in  i 

and  FO  produced  in  k,  and  join  ir  : — ^the  angles  bab  and  cai  are  right 
angles,  take  away  the  common  angle  bai,  and  the  angles  cab  and  iae 
will  be  equal :  the  side  ba  is  equal  to  ae,  therefore  by  (£u.  i.  26.)  the 
triangles  bag,  iae  are  equal,  and  ia  equal  ac.  In  like  manner  ck=: 
AC ;  IA  and  ck  are  therefore  equal  and  parallel,  whence  Ac  and  ik  are 
equal  and  parallel.  (Eu.  i.  33.)  and  aikc,  or  AK  is  a  square.  The  tri- 
angle IHK  also  is  equal  to  abc  ;  wherefore  the  three  external  triangles 
are  equal.  Now  if  these  three  triangles  be  taken  from  the  whole  figure, 
the  square  ak  will  be  left,  and  if  the  original  triangle  abc  together  with 
the  rectangle  bh,  which  is  its  double,  be  taken  from  the  same  figure,  there 
will  be  left  the  two  squares  ad  and  ca  which  are,  therefore,  together 
equal  to  the  square  ak.     q.e.d. 

Corollary. — The  difference  of  the  squares  of  the  hypothenuse 
and  either  of  the  legs  is  equal  to  the  square  of  the  other  leg ;  by  Theo- 
rem XV,  the  product  of  the  sum  and  difference  of  the  hypothenuse 
and  either  of  the  legs,  is  equal  to  the  square  of  the  other  leg,  q.e.d. 

Theorem  XVII.     [Eu.  ii.  12.] 

In  any  obtuse  angled  tinangle,  the  square  of  the  side  subtending  the 
obtuse  angle,  is  greater  than  the  sum  of  the  squares  of  the  other  two 
sides,  by  tioice  the  rectangle  of  the  base,  and  the  distance  of  the  per- 
pendicular from  the  obtuse  angle. 

Let  ABC  be  a  right  angled  triangle,  and  bd  a  line 
drawn  from  the  vertical  angle  b,  cutting  the  base  into  two 
segments  ad  dc,  then  will  adb  be  an  obtuse  angled  trian- 
gle, because  the  angle  adb  is  greater  than  the  angle  acb 
[Bu.  i.  16.]  that  is  than  a  right  angle;  and  the  square  of 
ab  is  greater  than  the  squares  of  ad  db,  by  twice  the  rect- 
angle AD  DC,  for  by  Theorem  XVI.  [Eu.  i.  47-]  the  square 
of  AB  is  equal  to  the  squares  ac  cb  ami  by  [Eu.  ii.  4.]  the  ^ 
square  of  ac  is  equal  to  the  squares  of  ad  dc,  together  with 
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twice  the  rectangle  ad  do,  hence  the  square  ofAB  is  equal  to  the  squares 
of  AD  DC  and  cb,  together  with  twice  the  rectangle  of  ad  dc  ;  but  the 
squares  of  dc  cb,  by  Theorem  XVI.  [Eu.  i.  47-]  are  equal  to  the 
square  of  db  ;  hence  the  square  of  ab  is  equal  to  the  squares  of  ad 
DB,  more  tvice  the  rectangle  of  ad  dc.  Therefore  the  square  of 
ab  is   greater  than  the  squares  of  ad  dc,  by  twice  the  rectangles  of  ad 

DC.       Q.E.D. 

Corollary — The  squai*e  of  ab,  less  the  squares  of  ad  dc,  divided  by 
twice  AD,  is  equal  to  do  ;  and  the  square  of  bd,  less  the  square  of  dc  = 
the  square  of  bc  ;  hence  the  three  sides  being  given,  the  perpendicular 
is  given. 

Theorem  XVIII.      [Eu.  ii.  3.] 

If  a  straight  line  he  divided  into  two  parts,  the  rectangle  of  the 
whole  line  and  one  of  the  parts  will  be  equal  to  the  square  of  the  same 
party  and  the  rectangle  contained  by  the  two  parts. 

Let  the  straight  line  be  ab  divided  at  c,  then 
the  rectangle  ab  ac,  is  equal  to  the  square  of  ac, 
and  the  rectangle  contained  by  ac  and  cb;  for 
make  ad  equal  to  ac,  by  a  perpendicular  let  fall 
from  A,  and  draw  df  parallel  to  ab.  Again,  draw  ce  parallel  to  ad, 
then  AB  DF  will  be  the  rectangle  contained  by  ac  ba  ;  likewise  ac 
DE  is  a  square  on  one  of  the  parts,  and  cebp  is  the  rectangle  contained 
by  the  two  parts  ac  cb,  which  are  equal  to  ad  bp  ;  or  if  one  of  the 
parts  be  x  the  other  y,  the  two  parts  will  be  a:+y  =  the  whole  line, 
and  if  multiplied  by  one  of  the  parts,  suppose  jr,  it  will  be  a:4-yxa:  = 

Corollary. — Twice  the  whole  line  multiplied  by  one  of  the  parts, 
will  be  equal  to  twice  the  square  of  that  part,  more  twice  the  same  part 
multiplied  by  the  other  part;  thus,  the  whole  line  being  x-\-yx2  =  2x 
+  2y  X  x= 2x^  +  2xy. 


Theorem  XIX. 

In  any  triangle  if  a  j>crpendicular  be  let  fall  from  the  vertical 
angle  on  the  base,  cutting  it  into  two  segments,  tlie  square  of  the  side 
opposite  an  acute  angle,  is  less  than  tlie  squares  of  the  other  two  sides 
by  twice  tlie  rectangle  of  tlie  base,  and  the  segment  between  the  j^^rpen- 
dicular  and  the  acute  angle. 


Let  ABC  be  the  triangle,  and  the  per- 
pendicular let  fall  be  bd,  then  the  square 
of  AB  is  less  than  the  squares  of  bc  and 
AC,  by  twice  the  rectangle  of  ac  and  dc, 
for  by  Theorem  XIII.  [Eu.  ii.  4.J  the 
square  of  ac  is  equal  to  the  squares  of  ad 
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DC  and  twice  the  rectangle  ad  dc;  add  the  square  of  dc  to  both,  then 
will  the  squares  of  AC  cu  be  equal  to  the  square  of  ad  and  twice  the 
square  of  dc,  together  with  twice  the  rectangle  ad,  dc;  but  twice 
the  rectangle  ad,  dc,  together  with  twice  the  square  of  dc  equal  twice 
the  rectangle  ac  cd,  [Eu.  ii.  3.] :  hence  the  squares  of  ac  CD=the  square 
of  AD,  and  twice  the  rectangle  ac  cd  :  to  both  sides  add  the  square  of 
BD,  and  the  squares  of  ac  cd  bd  (=:the  squares  of  ac  BC.)  =  the  squares 
of  AD  DB,  or  the  square  of  ab,  together  with  twice  the  rectangle  ac  cd, 
therefore  the  square  of  ab  is  less  than  the  squares  of  ac  bc  by  twice  the 
rectangle  AC  cd.         q.k.d. 


Theorem  XX. 


In  any  triangle,  if  a  perpendicular  be  let  fall  from  the  vertical 
angle  on  the  base,  the  difference  of  the  squares  of  the  segments  of  the 
base,  is  equal  to  the  difference  of  the  squares  of  the  two  sides. 

The  square  of  ab  is  equal 
to  the  squares  of  bd  and  ad 
by  Theorem  XVI.  [Eu.  i.  47-] 
and  the  square  of  bc  is  equal 
to  the  squares  of  bd  dc  hence 
the  difference  of  the  squares 
AB  bc,  is  equal  to  the  differ- 
ence between  the  sum  of  the 
squares  ad  db,  and  the  sum 
of  the  squares  cd  db  ;  then 

take  away  the  common  square  db,  and  the  difference  of  the  squares  ab 
BC,  is  equal  to  the  difference  of  the  squares  ad  dc.  q.b.d. 

Corollary  lit. — By  Theorem  XV.  (Cor.  ii.  5)  the  rectangle  of  the  sum 
and  difference  of  the  two  sides,  is  equal  to  the  rectangle  of  the  sum  and 
diffcicnce  of  the  segments  of  the  base. 

Corollary  2nd. — When  the  pei-pcndicular  falls  without  the  triangle, 
as  in  figure  2nd,  the  rectangle  of  the  sum  and  difference  of  the  two  sides, 
is  equal  to  the  rectangle  of  the  sum  of  the  two  segments  ac  cd  and 
their  difference  ad. 


Theorem  XXI. 

If  the  base  of  a  triangle  be  bisected  by  a  right  line,  drawn  frovn  the 
vertical  angle,  the  sum  of  the  squares  of  that  line  and  half  the  base, 
wiU  be  equal  to  half  the  sum  of  the  squares  of  the  other  sides  of  the 
triangle. 

In  the  triangle  abo,  let  the  line  db  bisect  the  base  at  the  point  d; 
let  fall  a  perpendicular   line  from  the  point  b,  on  the  base  ac,  which 
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falls  at  p,  then  by  Corollary  2nd^  Theorem  XX, 
AB  squared  =  bd  squared,  more  ad  squared, 
more  twice  the  rectangle  ad  dp;  and  by  Theo- 
rem XX,  BC  squared  =  bd  squared,  more  cb 
squared,  less  twice  the  rectangle  ad  dp;  hence 
AB  squared  more  BC  squared,  is  equal  twice  bd 
squared  more  twice  ad  squared,     q.u.d. 


Theorem  XXII.     [Eu.  ii.  9  &  10.] 

If  any  straight  line  be  bisected,  and  any  other  point  be  taken  on 
it,  or  the  line  be  produced  to  anotlier  point,  in  the  first  case  the 
squares  of  the  itnequal  parts  will  be  double  the  squares  of  half  the  line, 
and  that  of  tlie  intermediate  segment;  and  in  the  second,  the  square 
oftlie  whole  line  produced,  and  of  the  part  produced,  will  be  double  the 
squares  of  half  the  line  and  of  tJie  line  made  up  of  the  half  and  the 
part  produced. 

Suppose  the  right 
line  AB  bisected  in 
the  point  c,  and  a- 
gain  divided  into 
two  unequal  parts  in 
the  point  D;  either 
in  the  line.  AB,  or 
a  b  produced  to  the 

point  D,  as  in  the  second  figure;  then  the  squtires  of  AD  and  bd  are 
double  the  squares  of  ac  and  cd;  for  draw  the  perpendicular  ce,  and 
make  it  equal  to  ac;  then  by  Theorem  XVII,  [Eu.  i.  47-]  the  square  of 
AE  is  equal  to  double  the  square  of  AC=half  ab,  and  by  the  same,  the 
square  of  ef  is  double  that  of  cd,  (the  intermediate  distance)  therefore 
as  the  square  of  ef  is  equal  to  double  the  square  of  cd,  and  the  square 
of  AE  double  the  square  of  ac,  (half  the  line  A  B,)  then  by  Theorem  XVI. 
[Eu.  i.  47.]  the  square  of  af  is  equal  to  the  squares  of  ab  and  ef,  or  to 
the  squares  of  ad  fd;  but  fd  =  db,  because  the  angle  fdb  is  a  right 
angle,  and  the  angles  at  f  and  b  are  half  right  angles.  Therefore  the 
squares  of  AD  db,  (being  equal  to  the  square  of  af)  are  double  the 
squares  of  AC  CD.     q.e.d. 


The(yrem.  XXIII.     [Eu.  iii.  35.] 

If  any  two  lines  intersect  each  other  in  a  circle,  the  rectangles  of  their 

segments  are  equal. 

Let  AB  CD  intersect  each  other  within  the  circle  in  the  point  /?,  then 
the  rectangles  Ap  pB  and  cp  pj)  aie  equal;  to  simphfy  and  make  this 
more  clear,  let  one  of  the  lines  be  the  diameter  of  the  circle  =  cb  and 
let  the  other  a b  cut  it  in  p,  then  cl  will  be  halfcD,   and  pL  ld  two 
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segments ;  bisect  ab  at  n,  and  ah  np  will  be  two 
segments^  then  join  AL^  which =ld,  or  radius^  and 
you  have  constructed  the  triangle  a^l;  then  by 
Theorem  XXI.  the  diflFerence  of  the  squares  of  al 
Lp,  will  be  equal  to  the  difiference  of  the  squares  of  ^f 
An  np ;  but  the  difference  of  the  squares  of  any  two 
lines,  is  equal  to  the  rectangle  of  their  sum  and 
difference,  by  Theorem  XV.  (Eu.  ii.  5.  Cor.)  there- 
fore as  DL  is=LC,pc  is  the  difference  and  np  their 
8um,=DL+L;}j  therefore  cp  xjwd  is = the  difference 
of  their  squares,  =  the  difference  of  the  squares  pL  al;  but  pB  is  the 
difference  of  the  segments  xn  np,  then  pBxpx  is  equal  to  the  differ- 
ence of  the  squares  of  An  np ;  and  consequently  the  rectangle  op  pd  = 
the  rectangle  bp  pa.      q.b.d. 

Corollary. — If  the  point  of  meeting  falls  without  the  circle  at  x, 
the  rectangle  xc  xj>  is  equal  to  the  square  of  xo,  for  xo  is  a  tangent 
and  always  perpendicular  to  the  radius;  therefore  the  triangle  xol 
is  a  riglit  angled  triangle,  the  right  angle  at  o ;  hence  the  difference  of 
the  squares  of  ol  ax  is  equal  to  the  square  of  xo,  but  the  difference  of 
the  squares  of  ox  oh,  is  equal  to  the  rectangle  of  xd  arc.  q.e.d. 
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Theorem  A. 

If  four  quantities  are  proportional,  the  rectangle  of  the  extremes  is 
equal  to  that  of  the  means.  Let  a  :  b  : :  x  :  y,  then  axy=bxx. 
[Eu.  vi.  16.] 

Theorem  B. 

If  three  be  proportional,  the  rectangle  of  the  extremes  is  equal  to  the 
square  of  the  mean.  Let  a  :  b  ::  b  :  y,  then  axy=b  xb  =  (b*). 
[Eu.vi.  17.J 


Theorem  C. 


If  there  be  two  sets  of  proportionals,  then  the  products  or  rectangles 
of  the  corresponding  terms  will  also  be  proportional.  Let  ^  l^\',^  [^ 
then  ac  :  bd  :  :  xp  :  yy. 
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Theorem  D.    [Eu.  vi.  2.] 

If  a  line  be  dra^^  parallel  to  any  of  the  sides  of  a 
triangle^  it  cuts  the , two  other  sides  proportionally^ 
and  also  the  triangle  into  two  equi-angular  triangles. 
Suppose  the  triangle  abc;  let  the  line  de  be  parallel 
to  the  side  Ac,  then  the  triangle  dbe  is  equi-angular 
to  the  triangle  abc,  for  the  line  ab  falls  on  the  paral- 
lel lines  DB  AC^  making  the  angle  at  a  equal  to  the 
angle  at  d;  the  same  may  be  understood  of  the  line 
BC  and  the  angles  at  c  and  b,  the  angle  at  b  being 
common  to  both  triangles. 

Then  ad  :  cb  :  :  nn  :  bb,  and  ab  :  db  :  :  ac  :  de 


&c.  &c. 


Theorem  E  [Eu.  vi.  3.] 

If  a  right  line  bisect  any  angle  of  a  triangle^  it  divides  the  opposite 
side  into  two  segments^  wnich  are  proportional  to  the  two  other  sides. 
In  the  triangle  abc,  let  the  line  bd  bisect  the  angle  at  b^  then  the  seg- 
ment AD  :  the  segment  cd  :  :  ab  :  bc^  or  ad  :  ab  :  :  dc  :  bc. 

Demonstration. — Let    abc  b3  a  triangle^  .^B 

and  draw  the  line  bd  bisecting  the  angle  abc. 
Produce  ab  and  through  c  draw  ce  parallel  it 

to  BD,  meeting  ab  produced   in    e.     Now 
because  ce  is  parallel  to  bd,  the  angle  aec 
=ABD  [Eu.  i.  29.]    For  the  same  reason  the  ^ 
angle  ecb  is  equal  to  the  alternate  angle  cbd  : 

but  cbd=abd,  because  the  angle  abc  is  bisected;  therefore  the  angle 
ecb  =  abd  =  bkc;  hence  eb  =  bc.  [Eu.  i.  6.]  Again,  because  bd  is  parallel 
to  ce,  it  cuts  the  sides  ae  ac,  proportionally  in  the  points  b  and  d; 
[Eu.  vi.  2.]  or  [Theorem  D,  above,]  therefore,  as  ab  :  be  :  :  ad  :  dc; 
bnt  BE  =  Bc;  therefor^  as  ab  :  bc  :  :  ad  :  dc.     q.e.d. 


Theorem  F. 

In  a  right  angled  triangle,  a  perpendicular, 
from  the  right  angle  is  a  mean  proportional  be- 
tween the  segments  of  the  base;  and  each  of  the 
sides  including  the  right  angle,  is  a  mean  pro- 
portional between  the  hypothenuse  and  the 
adjacent  segment.  In  the  triangle  abc,  let  bd 
be  the  perpendicular,  then  bd  is  a  mean  pro- 
portional between  ad  dc  ;  for  ad  :  bd  :  :  db 
proportional  between  ac  and  dc,  for  ac  :  cb  : 
mean  proportional  between  ac  and  ad,  for  as  ac  :  ab  : :  ab  :  ad. 
CorroUary. — ab  squared  is  to  bc  squared  as  ad*  is  to  dc*.  [Eu.  vi.  22.] 


DC;  andsc  is  a  mean 
CB  :  DC;  also  ab,  is  a 


6SOMBTRY. 


27 


Theorem  6.     [Eu.  vi.  19.] 

Equi-angolar  or  similar  triangles  are  to  each  other 
as  the  squares  of  their  like  sides.  Let  abc  adb  be 
two  sinular  triangles^  the  triangle  abc  :  the  tri- 
angle ade  :  :  the  square  of  ac  :  the  square  of  ae; 
for  construct  the  rectangle  ac  and  cb^  =  fb  ca, 
and  that  of  AS  and  bd=tdba;  admit  both  these 
rectangles  to  be  squares^  it  is  plain  the  one  is  to  the 
other,  as  the  square  of  one  side  is  to  the  square  of 
the  other. 


Corrollary  1st. — ^A  circle  may  be  considered  as  bounded  by  a  continuous 
carve  line,  composed  of  an  infinite  number  of  straight  lines,  each  infinitely 
small;  it  represents  therefore  a  polygon  of  an  infinite  number  of  ^ides, 
making  altogether  the  circumference  of  the  circle.  But  similar  polygons 
may  be  divided  into  an  equal  number  of  similar  triangles^  each  pair 
being  as  the  squares  of  their  homologous  or  like  sides;  and,  as  any  one 
antecedent  is  to  its  consequent,  so  is  the  sum  of  all  the  antecedents  to  the 
sum  of  all  the  consequents;  [Eu.  v.  12.];  therefore  as  the  square  of  any 
side  of  a  polygon  is  to  the  square  of  the  corresponding  side  of  a  similar 
polygon,  so  is  the  sum  of  all  the  antecedents,  (the  triangles  ?soioposing 
the  &r8t  polygon,)  to  the  sum  of  all  the  consequents,  (tb^  sidtilar  tri- 
angles composing  the  other.)  And,  hence,  as  the  square  o^  the  circum- 
ference or  diameter  of  any  circle,  is  to  the  square  of  the  circumference  or 
diameter  of  another  circle,  so  is  the  area  of  the  first  circle  to  the  area  of 
the  other.     Q.B.D. 

This,  in  Euclid's  Elements,  is  the  20th  Prop,  of  the  6th  Book, 
CoroUmes  1st.  and  2nd. 

Corrollary  2nd. — ^Andas  a  side  of  each  polygon  is  equal  to  a  part  of 
the  circumference,  the  radius  of  the  circle  being  a  perpendicular  from 
the  centre  of  the  polygon,  then  that  radius  will  be  to  that  side  of  the 
polygon,  as  the  radius  of  another  circle  will  be  to  a  similar  side  of  a 
sinular  polygon;  therefore  the  circumferences  of  circles  will  be  in  propor« 
tion  to  their  radii. 
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PROBLEMS. 


Problem  I. 

Through  a  given  p&int  to  draw  a  straight  line  parallel  to   a  givei 

straight  line. 

■ 

Let   D   be  the  given  pointy  and  ab  the 
given  straight  line. 

Take  the  nearest  distance  from  D  to  ab  in 
the  compasses^  and  with  one  foot  on  any  part 
of  the  line  ab,  describe  the  arc  c^  and  through  c  and  d  draw  the  straigh 
line  CD^  and  it  will  be  parallel  to  ab. 


>-*"c  ■'-... 


B. 


Problem  11. 

At  a  given  point  in  a  given  straight  line  to  make  a  rectilinear  angle  equai 

to  a  given  rectilinear  angle. 

Let  ab  be  the  given  line^  and  a  the  given  point 
in  it^  and  dce  the  given  angle. 

From  the  point  c,  with  any  convenient  radius 
describe  the  arc  de  ;  with  a  as  a  centre  and  the 
same  distance^  describe  the  arc  fg.  Take  the  dis- 
tance D£  in  the  compasses  and  set  it  off  from  o  to 
F  on  the  arc  of  ;  through  f^  from  the  point  a, 
draw  the  line  af,  then  fab  wiD  be  the  angle 
required. 

Problem  III. 

From  a    given  point   e,   to   let   fall  a   perpendicular    on    a  given 

right  line. 


Let  AB  be  the  given  straight  line,  and  e,  the 
given  point. 

With  £  as  a  centre,  describe  an  arc  cutting  ab  ^ 
in  the  points  f  and  o.     From  the  points  f  and  g  ^ 
as  centres,  with  any  distance  greater  than  half 
FG,  describe  two  arcs  intersecting  each  other  in 
the  point  c.    Join  fc,  then  eh  will  be  the  per- 
pendicular required. 


H 
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If  the  point  E  be  towardi  the  tnd  of  the  line. 


Take  aoy  pomt  p,  in  ab  as  a  centre,  and 
with  the  distance  fe,  describe  the  arc  ta. 
And  from  any  other  point  h,  in  ab,  and  dis- 
tance HE,  describe  another  arc  cutting  the 
former  in  e  and  a.  Join  bq,  then  ei  will  be 
the  perpendicular  required. 


Problem  IV. 

To  draw  a  ttraipht  line  at  right  angles  to  a  given  straight  line,  Jrom  a 
givenpoint  in  the  same. 

Let  AB  be  the  given  straight  line,  and  c 
the  given  point. 

From  the  point  c,  and  with  any  convenient 
distance  less  than  ca  or  en,  describe  the 
arc  EF.  From  e  and  F  as  centres,  and  with 
any  distance  greater  than  ce  or  cf,  describe 
arcs  cutting  each  other  in  d.     Through  the  '        _  . 

point  of  intersection  D,  draw  the  straight  line  dc,  and  it  will  be  perpen- 
dicular to  AB. 


>c; 


/ 


When  the  given  point  is  at  or  near  the  end  of  the  line. 

Take  any  small  distance  in  the  compasses, 
set  it  off  five  times  from  c  towards  a.  With  c 
as  a  centre,  and  a  distance  equal  to  four  of  these 
parts  describe  an  arc.  With  e  as  a  centre  [the 
third  point  from  c,)  and  a  distance  equal  to  five 
of  the  aforesaid  parts,  cross  the  arc  in  a. 

Draw  the  right  line  nc,  which  will  be  the  *  i 

perpendicular  required. 


Problem  V. 
To  bisect  a  given  straight  line. 

Let  SB  be  the  given  straight  line. 

With  D  as  a  cantre,  and  any  distance 
greater  than  half  the  line,  describe  the  arc 
CAF.  With  E  as  a  centre,  and  the  same  d- 
diatance,  describe  the  arc  cgf.  Join  cf,  and 
the  line  cf  will  bisect  the  straight  line  de 
in  the  point  D. 


^^ 
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Problem  VI. 
To  bisect  a  given  angle. 

Let  ABC  be  the  given  angle* 

With  c  as  a  centre,  and  anv  convenient  distance  des- 
seribe  the  arc  de.  From  d  and  e  as  centres,  with  the 
same  or  any  other  distance,  describe  arcs  intersecting 
each  other  in  f.  Join  cf,  and  the  line  cf  will  bisect 
the  angle  acb. 


f 


Problem  VII.     . 
To  divide  a  given  circle  into  2 ,  4,  8,  16,  32,  equal  parts. 


Let  ADBB  be  the  given  circle* 

Draw  the  diameter  ab  and  the  circle  is  divided 
into  two  equal  parts.     From  a  and  b  as  centres 
with  any  distance  exceeding  half  the  line   ab, 
describe  the  arcs  f  and  ~  o,  and  join  the  inter- 
secting points  F  and  g.     The  line  db  is  a  diame- 
ter,   cutting  ab  at   right  angles,  and  thereby  a 
dividing   the   circle   into  four   equal    parts   or 
quadrants.    Bisect  the  four  angles  at  c  by  the 
foregoing  problem,  and  the  circle  vrill  be  divided 
into  eight  equal  parts,  each  of  which  may  be  again 
subdivided  in  a  similar  manner,  and  so  on  till  the 
circle  is  divided  into  the  required  number  of  parts. 


Problem  VIII. 
To  find  the  centre  of  a  given  circle ,  or  circular  arc. 


Let  abd  be  the  given  circle. 
Take  any  three  points  in  the  circumference 
of  the  circle,  as  a,  b,  n;  connect  the  middle 

E)int  with  each  of  the  others  by  a  line  or  chord, 
isect  the  chords  ,  ab  bd,  by  perpendicular 
lines ;  which  lines  wiU  intersect  each  other  at 
the  centre  c  of  the  circle. 


PLANE    TRIGONOMETRY. 
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Plane  Trigonometry  is  that  branch  of  Mathematical  Science  by  which 
we  measure  the  sides  and  angles  of  plane  triangles^  that  is,  such  as  are 
composed  of  right  lines.  It  is  divided  into  right  angled  and  oblique 
angled  Trigonometry^  according  as  it  is  applied  to  the  resolution  of  right 
or  oblique  angled  tnangles :  we  will  therefore  commence  with 


RIGHT   ANGLED  PLANE   TRIGONOMETRY^ 

Elementary  Principles, 

Let  WMNB  represent  a  circle  dirided  into  four  quadrants  of  90''  each. 

The  complement  of  any  arc  is  the  difference  between  that  arc  and  a 
quadrant.  It  is  also  what  any  Z  wants  of  90<*.  Thus,  if  the  arc  ef  be 
divided  into  the  two  arcs  sf  fm,  the  arc  mf  is  the  complement  of  the  arc 
IF  :  or  the  Z  maf,  is  the  complement  of  the  Z  baf. 

The  mppUment  of  any  arc  is  the  difference  between  that  arc  and  a  semi- 
circle ;  or  it  is  the  number  of  degrees^  minutes^  &c.  which  any  Z  wants 
of  ISO"".  Thus,  the  arc  Fifw  is  the  supplement  of  the  arc  ef/  and  the  Z 
PAW,  is  the  supplement  of  the  Z  eaf. 

Two  arcs  whose  sum  is  equal  to  a  semicircle,  or  two  angles  whose  sum 
is  equal  to  two  right  angles,  are  called  supplements  to  each  other. 

Two  arcs  whose  sum  is  a  quadrant,  or  two  angles  whose  sum  is  a  right 
angle,  are  called  complements  of  each  other. 

The  sine  of  an  arc,  is  a  straight  line 
drawn  from  one  extremity  of  an  arc  per- 
pendicular to  a  diameter  passing  through 
the  other  extremity  of  the  same  arc.  Thus, 
FD  is  the  sine  of  the  arc  fe.  It  is  also 
the  sine  of  the  supplemental  arc  fmw. 

The  sine  of  an  arc  of  90^  is  equal  to  the 
radius,  thus,  ah  is  the  sine  of  the  quadrantal  ^ 
arc  EM. 

The  tangent  of  an  arc  is  a  right  line 
drawn  from  one  extremity  of  the  arc  per- 
pendicular to  the  diameter  passing  through 
that  extremity,  and  is  terminated  by  a  right 

line  drawn  from  the  centre  of  the  circle  through  the  other  extremity  of 
the  arc.    Thus,  el  is  the  tangent  of  the  arc  ef. 
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The  tangent  of  any  arc  is  equal  to  the  tangent  of  the  supplement  of 
that  arc.  The  tangent  of  45°  is  equal  to  the  radius^  and  the  arc  of  90° 
has  no  tangent,  for  it  is  infinite. 

The  secant  of  an  arc  is  a  straight  line  drawn  from  the  centre  of  the 
circle,  and  produced  till  it  meets  the  tangent.  Thus,  al  is  the  secant  of 
the  arc  ep. 

The  secant  of  any  arc  is  equal  to  the  secant  of  the  supplement  of  that 
arc.  The  secant  of  45"*  is  equal  to  double  the  sine  of  45®,  and  an  arc 
of  90*  has  no  secant. 

The  sine,  tangent,  and  secant  of  any  arc,  are  the  sine,  tangent,  and 
secant  of  the  angle  that  includes  the  arc,  or  is  measured  by  it ;  thus,  the 
sine,  tangent  and  secant  of  the  arc  ep,  are  also  the  sine,  tangent  and 
secant  of  the  Z  eap. 

The  cosine  of  an  arc,  is  the  sine  of  the  complement  of  that  arc  ;  or  it  ib 
that  part  of  the  diameter  contained  between  the  centre  of  the  circle  and 
the  sine.  Thus,  sp  is  the  cosine  of  the  arc  ep,  being  the  sine  of  the  arc 
PM,  which  is  the  complement  of  ep  ;  and  because  ad  =  sp,  ad  is  also 
the  cosine  of  ep. 

The  cosine  of  an  arc,  is  equal  to  the  cosine  of  its  supplement. 

The  cotangent  of  an  arc,  is  the  tangent  of  the  complement  of  that  arc. 
Thus,  MN  is  the  cotangent  of  the  arc  ep,  being  the  tangent  of  the  com- 
plemental  arc  pm. 

The  cotangent  of  an  arc,  is  equal  to  the  cotangent  of  its  supplement. 

The  cosecant  of  an  arc  is  the  secant  of  the  complement  of  that  arc. 
Thus  AN,  is  the  cosecant  of  the  arc  ep,  being  the  secant  of  its  comple- 
mental  arc  pm. 

The  cosecant  of  an  arc,  and  the  cosecant  of  its  supplement,  are  of  the 
same  magnitude. 

The  cosine,  cotangent,  and  cosecant  of  any  arc,  are  the  cosine, 
cotangent,  and  cosecant  of  the  ^  which  that  arc  measures.  Thus,  the 
cosine,  cotangent,  and  cosecant  of  the  arc  ep,  are  respectively  the  cosine, 
cotangent,  and  cosecant  of  the  /.  eap. 

The  versed  sine  of  an  arc,  is  that  part  of  the  diameter  of  the  circle,  which 
is  contained  between  the  sine  and  the  arc.  Thus  de  is  the  versed  sine  of 
the  arc  ep,  and  dw  is  the  versed  sine  of  the  supplemental  arc  pmw. 

The  versed  sine  of  the  supplement  of  an  arc,  is  the  difference  between 
the  versed  sine  of  that  arc  and  the  diameter. 


I 


FLANK    TRI«ONOMBTRY.  33 

The  versed  sine  of  an  arc  is  eqaal  to  the  radius  diminished  by  the 

COBlUf,   for  BB  =  AE AD. 

The  su-versed  sine  of  an  arc^  is  the  versed  sine  of  the  complement  of 
that  are.  Thus^  ms  is  the  su-versed  sine  of  the  arc  bp^  being  the  versed 
sine  of  the  complemental  arc  pm. 

The  chard  of  an  arc  is  a  straight  Une  drawn  from  one  extremity  of  the 
arc  to  the  other.  Thos^  no  is  the  chord  of  the  arc  nbo,  or  of  the 
arc  NWMPBO. 

The  chord  of  an  arc  of  60^^  is  equal  to  the  radius  of  the  circle. 

From  these  definitions,  it  is  obvious  that  every  degree  in  the  quad- 
rantal  arc  em  (with  the  exceptions  already  pointed  out)  may  have  its 
respective  sine,  tangent,  &;c.  We  shall  therefore  proceed  to  shew  how 
these  may  be  drawn,  to  any  given  or  assumed  radius,  which  operation 
constitutes, 

THE  CONSTRUCTION  OF  THE  PLANE  SCALE. 


This  scale  is  an  instrument  of  extensive  application  in  various  branches 
of  practical  mathematics.  The  Mariner*8  scale,  or  that  generally  used  at 
sea,  is  a  flat  ruler  two  feet  in  length,  having  drawn  upon  it,  besides  the 
diagonal  and  other  scales  of  equal  parts,  a  variety  of  lines  derived  from, 
and  adapted  to  a  circle  of  an  assumed  radius,  whereby  the  sides  and 
angles  of  triangles  and  other  mathematical  figures,  may  be  constructed 
and  measured,  and  many  important  mathematical  problems  may  be 
solved,  with  expedition  and  considerable  accuracy. 

• 

With  any  convenient  radius,  cb  (Fig.  1,  Plate  II.)  describe  a  semi- 
circle, on  the  centre  c,  erect  the  perpendicular  on,  and  produce  it  to  f, 
draw  BE  parallel  to  cp,  and  join  ad  and  bd« 

Bhumbs.^ — ^Divide  the  quadrantal  arc  ad  into  eight  equal  parts,  with 
one  foot  of  the  compasses  in  a,  transfer  the  distances  a  1,  a  2,  a  3,  &c. 
to  the  straight  line  a  n,  and  it  will  be  a  line  of  rhumbs ;  containing  eight 
points  of  the  compass  or  one  fourth  of  its  whole  circumference.  By  sub- 
dividing each  of  the  divisions  a  1 ;  a  2 ;  &c.  into  four  equal  parts,  and 
transferring  them  in  the  same  manner  to  the  line  ad,  it  will  contain,  in 
addition  to  the  points,  the  half  and  quarter  points. 


Bhiimbsy  and  a  few  other  terms  not  indaded  in  the  foregoing  definitions,  will  be 
sufficiently  understood  from  the  description  here  giren. 


84  INTRODUCTION. 

Chords. — ^Divide  the  arc  bd  into  nine  equal  parts,  with  one  foot  of  the 
compasses  in  b^  transfer  each  of  these  divisions  to  the  line  bd^  which 
will  then  become  a  line  of  chords  constructed  to  every  ten  degrees. 

Sines. — The  same  divisions  being  transferred  by  lines  parallel  to  the 
radius  Bc^  to  the  line  cd;  that  line  will  become  a  line  of  sines. 

Tangents. — From  the  centre  c,  but  commencing  at  the  several 
divisions  of  the  quadrantal  arc  bd^  draw  lines  to  the  straight  line  be  ; 
which  will  thence  become  a  line  of  tangents. 

Secants.  With  the  foot  of  the  compasses  in  c,  as  a  centre,  transfer 
the  distances  between  the  centre  c,  and  the  divi&ions  of  the  line  of  tan- 
gents to  the  line  dp,  and  it  will  become  a  line  of  secants,  which  must 
be  numbered  from  d  towards  f,  as  in  the  Fig. 

Semi-Tangents. — If  from  a,  right  lines  be  drawn  to  the  several  divi- 
sions of  the  arc  bd,  they  will  divide  the  line  cd  into  semi-tangents, 
which  must  be  numbered  with  the  corresponding  figures  of  the  arc,  10, 
20,  &c.  These  divisions  being  little  used  are  left  out  of  the  Fig.  to 
avoid  confusion. 

The  preceding  lines,  which  are  all  adapted  to  one  radius,  are  the  most 
important  in  practice,  and  are  commonly  transferred  from  sudi  a  general 
Fig.  as  we  have  been  describing,  to  a  plane  scale  or  ruler,  and  arranged 
in  the  manner  shewn  in  Fig.  2.  Besides  these  there  are,  on  the  Mariner's 
Scale,  several  other  lines  derived  from  the  circle,  such  as 

Miles  of  Longitude. — Divide  the  line  ac  into  six  equal  parts, 
through  each  of  these  draw  lines,  alO,  b20,  c30,  &c.  parallel  to  cd,  and 
these  will  cut  the  line  ad,  in  the  points  a,  b,  c,  &c.  From  a  as  a  centre, 
transfer  these  several  divisions  of  the  arc  ad,  to  the  line  ad,  which  will 
thence  become  a  line  of  longitude.  This  line  is  laid  upon  the  scale  elose 
to  the  line  of  chords,  but  in  an  inverted  position,  so  that  60  on  the  line 
of  longitude,  is  against  0  in  the  chords,  &c.  as  in  the  Fig.;  then  if  any 
degree  of  latitude  be  counted  on  the  line  of  chords,  there  will  stand  oppo- 
site to  it,  on  the  line  of  longitude,  the  miles  contained  in  one  degree  of 
longitude  in  that  parallel  of  latitude,  a  degree  at  the  equator  being  60 
miles.  This  line  is  generally  drawn  to  a  larger  radius  than  those  above 
described,  and  is  consequently  apphed  to  a  larger  scale  of  chords. 

Equal  Pakts. — ITie  divisions  of  the  line  ac,  to  form  the  line  of 
longitude,  may  be  considered  as  a  line  of  equal  parts,  and  is  in  general 
laid  down  as  such,  marked  Lea.  Other  scales  of  equal  parts,  as  repre- 
sented in  Fig.  3,  are  also  introduced  on  some  Rcales;  these  are  so  obvious 
as  to  require  no  particular  description,  but  the  most  perfect  scale  of  equal 
parts  is  that  called 

The  Diagonal   Scale. — To  constitute  which,    draw  eleven  lines 
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parallel  to^  and  equidistant  from  each  other^  as  in  Fig.4.  Divide  the  upper 
line,  as  ab,  into  such  a  number  of  equal  parts  as  may  suit  the  intended 
dimensions  of  the  scale^  (the  most  usual  number  is  ten^  of  an  inch  each); 
from  these  several  divisions,  draw  perpendicular  lines  to  the  lower  line  cd  : 
subdivide  the  first  of  these  larger  divisions  ae,  cf,  into  ten  equal  parts, 
and  from  the  first  division  in  the  line  ae,  draw  a  diagonal  right  line  to 
the  point  c,  and  lines  parallel  to  this  through  all  the  succeeding  subdivi- 
sions; then  eaeh  diagonal  line  in  passing  from  the  line  ac,  to  cf,  will  be 
one  tenth  of  the  subdivisions  farther  from  the  line  ef,  at  the  points  where 
they  intersect  each  succeeding  parallel  from  ae,  to  cf^  that  is,  one  hun- 
dredth part  of  the  larger  division,  which  is  consequently  thus  divided  into 
one  hundred  equal  parts. 

In  reading  off  this  scale  therefore,  if  the  larger  divisions  be  accounted 
hundreds,  then  the  first  subdivisions  will  be  tens,  and  the  second  subdi- 
visions units;  but  if  we  take  the  larger  divisions  as  tens,  then  the  first 
subdivisions  will  be  units  and  the  second  tenths,  and  so  on ;  the  value  of 
the  subdiviuons  always  depending  upon  that  assigned  to  the  larger 
divisions. 

The  numbers  increasing  from  left  to  right  along  the  bottom  of  the  scale, 
indicate  the  lai^r  divisions  of  a  scale,  the  subdivisions  of  which  are 
found  towards  the  &/]f-hand.  The  dimensions  of  this  scale  are  just  one- 
half  of  that  already  described;  to  which  it  is,  however^  in  all  other 
respects  precisely  similar,  but  is  read  off  in  a  contrary  direction. 

The  method  of  taking  off  any  number  from  the  diagonal  scale  by  a 
pair  of  compasses,  will  be  understood  from  the  following  example. 

Let  it  be  required  to  take  off  the  number  348. 

Find  the  first  figure  (3)  among  the  perpendicular  lines,  marking  the 
larger  divisions  along  the  top  of  the  scale,  and  the  second  figure  (4)  among 
the  first  subdivisions  or  those  marked  at  the  top  of  the  diagonal  lines 
towards  the  right  hand  end  of  the  scale.  Follow  this  diagonal  line  down 
to  its  intersection  with  the  parallel  line  marked  8^  at  the  extremity  of  the 
scale,  and  fix  one  foot  of  the  compasses  in  this  point  of  intersection; 
then  extend  the  other  foot  to  that  point  of  the  same  parallel  which  is  in- 
tersected by  the  perpendicular  line  marked  3,  and  that  distance  will  be 
the  extent  required.  The  same  distance  may,  besides  the  given  number 
348,  also  indicate  34*8  or  3*48,  according  to  the  value  assigned  to  the 
larger  division,  as  has  bten  already  explained. 

If  the  number  to  be  taken  off  the  scale  consist  of  four  or  five  places  of 
figures,  it  may  be  divided  by  any  number  which  will  reduce  it  to  two  or 
three  places;  observing  that  when  this  is  done  in  constructing  any  figure, 
the  required  sides  when  measured  by  the  same  scale,  must  be  multiplied 
by  that  number  by  which  the  given  side  was  divided,  to  obtain  their  true 
length  or  value. 

As  sides  or  lines  are  drawn  or  measured  by  the  diagonal  scale,  so  angles 
are  measured  or  laid  off,  by  means  of  the  line  of  chords  already  described, 
in  the  following  manner. 


r 
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To  lay  off  from  the  given  line  ab  at  the  point  Aj  one  or  more  angles  of  any 
proposed  number  of  degrees,  as  20*  45  **  and  90'- 

From  the  scale  of  chords  take  the  chord  of 
GO"*  in  the  compasses^  and  with  the  centre  a 
describe  the  arc  bc;  and  from  the  same  scale 
with  the  chord  of  20^  in  the  compasses^  set 
ojBTthat  distance  from  b  to  d  on  the  ^ix^bc. 
On  the  same  arc  from  the  point  b  set  off  in 
like  manner  the  chord  of  45^  to  e^  and 
again  from  e  to  c.  Through  d  e  and  c, 
draw  straight  lines  from  the  point  a^  then 
bad,  bae,  and  bac,  will  be  the  required  angles  of  20**.  45**,  and  90», 
respectively. 

To  measure  any  given  angle,  as  a,  by  the  scale  of  chords. 


With  the  chord  of  60**  in  the  compasses, 
and  one  foot  on  the  angular  point  a,  describe 
the  arc  bc,  cutting  the  legs  in  b  and  c,  then 
the  distance  bc  applied  to  the  scale  of  chords 
with  one  foot  of  the  compasses  at  the  begin- 
ning of  that  scale,  >vill  shew  the  measure  of 
the  angle  a,  which  in  this  instance  is  50"". 


When  the  angle  to  be  measured  or  laid  off  exceeds  90' 
lay  off  90®,  and  then  from  that  point  the  excess  above  90". 


measure  or 


V 
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A    PEW    GENERAL   PRINCIPLES 

Upon  which  the  solution  of  the  different  cases  of  Right-angled  Plane 

Trigonometry  depends. 

"Eyerj  plane  triangle  consists  of  six  parts,  rix,  three  sides  and  three 
angles ;  any  three  of  which  being  given,  except  the  three  angles,  the 
other  three  may  be  found  by  logarithmical  calculation. 

The  three  angles  of  every  pkne  triangle,  are  together  equal  to  180« 
or  two  right  angles.  Hence  in  a  right-angled  plane  triangle,  the  sum  of 
the  two  acute  angles  is  equal  to  90*" ;  therefore  if  one  of  the  acute  angles 
be  given,  the  other  may  be  found  by  subtracting  the  given  angle  from 

90^ 

If  one  of  the  acute  angles  of  a  right-angled  triangle  be  45°,  or  half  a 
right  angle,  the  other  acute  angle  will  also  be  45'',  and  the  base  and 
perpendicular  will  be  equal  to  each  other. 

When  two  lines  are  parallel,  any  straight  line,  cutting  them,  makes 
the  same  angle  with  one  of  them  as  with  the  other ;  hence. 

If  two  right-angled  triangles  abc,  dbc  have 
one  of  the  acute  angles  as  c,  common  to  both 
the  triangles,  they  are  equiangular ;  for  the  lines 
AB  D£  are  parallel,  and  they  are  cut  by  the  line 
CA,  therefore  the  angle  cdb  is  equal  to  the 
angle  cab,  [Eu.  ic  29.]  they  are  cut  by  the  line 
CB  also ;  therefore  the  angle  ced  is  equal  to  the 
angle  cba,  and  the  angle  c  being  common,  the 
two  triangles  are  equiangular. 

But  two  triangles  are  said  to  be  similar  when  all  the  angles  of  the  on^ 
triangle  are  respectively  equal  to  all  the  angles  of  the  other  :  the  triangles 
CDB  and  CAB  are  therefore  similar. 

In  two  similar  toiangles  the  sides  about  the  equal  angles  are  propor- 
tional, viz :  [£u.  vi.  4.] 

CA   :   AD   :    CD     DE 

AC      CB     ■   DC   '   CB 

CB  :  BA  :  :  CE  :  BD 

Hence  if  a  straight  line  be  drawn  parallel  to  one  of  the  sides  of  a  plane 
triangle,  it  will  cut  the  other  two  sides  proportionally,  [Eu.  vi.  2.]  or 
Theorem  D,  page  26. 

Any  two  sides  of  a  triangle  are  together  greater  than  the  third  side 
[Eu.  i.  20.]  or  Theorem  IX.  page  19.  Prom  this  it  follows  also,  that  the 
difference  of  any  two  rides  of  a  triangle  is  less  than  the  third  side. 

In  eve* ^  triangle  the  greatest  side  is  opposite  the  greatest  angle,  and 
rice  versa,  [B^,  i.  18  19.]  or  Theorem  VII.  page  18.  Also  equal  sides 
subtend  equal  anglec,  and  conversely  [Eu.  i.  5  and  6.] 
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PRACTICAL    RULES 

For  the  solution  of  all  the  different  cases  of  right-angled  plane  triangles 

with  their  cgpplication  by  logarithm. 

In  every  right-angled  plane  triangle^  there  must  be  two  given  qnanti- 
tiea,  one  of  which  must  be  a  side,  (together  with  the  right  angle,)  to  find 
the  rest. 


In  every  right-angled  triangle  one  of  the  sides  must  be  considered  the 
radius  of  a  circle. 

If  the  hypothenuse  be  assumed  equal  to  the  xadius,  the  sides,  that  is 
the  base  and  perpendicular,  will  become  the  sines  of  their  opposite 
angles ;  and  if  either  of  the  sides  be  considered  the  radius,  the  other 
side  will  become  the  tangent  of  its  opposite  angle,  and  the  hypothenuse, 
the  secant  of  the  same  angle. 


Thus,  if  in  the  triangle  abc,  Fig.  1.  the  hypo- 
thenuse AG  be  made  radius,  then  by  the  foregoing 
definitions,  it  is  evident  that  ab  will  be  the  sine 
of  the  angle  c,  and  bc  will  be  the  sine  of  the  angle 
A.  But  the  sine  of  either  of  the  acute  angles  of 
a  right  angled  triangle,  is  the  cosine  of  the  other 
acute  angle :  hence  ab,  the  sine  of  the  angle  c,  is 
the  cosine  of  the  angle  a  ;  and  bc,  the  sine  of  the 
angle  A,  is  the  cosine  of  the  angle  c. 


< 

'^ 

A^ 

tftnlCwr 

B          1 

N 

<C9S<JL 

CP3 


If,  in  the  triangle  abc.  Fig.  2.  the  base  ab  be 
made  radius,  then  the  perpendicular  bc  becomes 
the  tangent  of  the  angle  a,  and  the  hypothenuse 
AC,  the  secant  of  the  same  angle  :  they  are  there- 
fore respectively  the  cotangent  and  cosecant  of 
the  angle  c. 


If,  as  in  Fig.  3.  the  perpendicular  bc,  be  made 
radius,  then  the  base  ab,  will  be  the  tangent,  and 
the  hypothenuse  ac  will  be  the  secant  of  the  an- 
gle c ;  they  will  therefore  be  respectively  the 
cotangent  and  cosecant  of  the  angle  a. 

To  find  a  side. 


Consider  any  one  of  the  sides  of  the  triangle,  whether  given  or  not 
given,  as  the  radius  of  a  circle,  and  write  upon  it  the  word  radius; 
observe  whether  the  other  sides  become  sines,  tangents,  or  se^nts,  and 
write  these  words  upon  them  accordingly,  and  call  each  name  so  written 
the  name  of  that  side  to  which  it  is  applied ;  then  say. 
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As  the  name  of  the  given  Bide 
l8  to  the  given  side. 
So  is  the  name  of  the  required  side, 
To  the  required  side. 

To  find  an  angle. 

Call  one  of  the  given  sides  radius^  and  write  upon  it  the  word  radius ; 
observe  whether  the  other  sides  become  sines^  tangents^  or  secants,  and 
write  upon  them  accordingly :  then  say, 

As  the  side  made  radius, 
Is  to  radius. 

So  is  the  other  given  side. 
To  its  name. 

The  proportions  thus  stated  are  to  be  worked  by  logarithms  as 
follows : —  ' 

To  the  arithmetical  complement  of  the  first  term,  add  the  logarithms 
of  the  second  and  third  terms,  rejecting  20  or  10  from  the  index  accord- 
ing as  the  required  term  may  be  a  side  or  an  angle ;  then  the  sum  will 
be  the  logarithm  of  the  fourth  term,  which  being  found  in  'its  proper 
table,  will  give  the  side  or  angle  required. 

Note. — ^The  logarithms  for  sides  are  to  be  taken  from  Table  4    and 
the  logarithms  for  sines,  tangents^  and  secants  of  angles,  from  Table  5 
according  to  the  directions  given  in  the   Explanation  to  those  Tables' 
which  explanation  should  be  carefully  perused  before  attempting  to  use 
the  tables  themselves. 

Observe  also,  that  the  logarithm  of  the  radius  is  always  10. 

SOLUTIONS 

0/ the  six  eases  in  Right-^angled  Plane  Trigonometry. 

Each  of  these  is  resolved  by  two  different  methods,  viz.  by  logarithmic 
calculation,  and  by  geometrical  construction. 

Case  I. 

Given  the  angles  and  the  hypothenuse,  to  find  the  base  and  the 

perpendicular. 

Given  (  *J^  ^JP'  ^""^f^If      ,  \     Required  the  base  ab,  and  the 
\  the  2  A     =39**  10'  /  perpendicular  bc. 

By  Calculation. 

*  Making  the  hypothenuse  rad.  bc  will  be  the  sine  of  the  angle  a  and 
AB,  the  cosine  of  the  same  angle.  ' 


♦In  the  iirrt  cszample,  aU  the  different  rides  are  in  succession  made  radius:  but  in  aU  the 
odMV  eiAmples,  one  side  only  is  made  radius,  and  this  side  is  always  the  hypothenuse  eicent 
in  Case  6,  in  which  the  angles  a«  required,  and  the  hypothenuse  is^«./  one  if  the  gWe^'sS^f 
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To  find  the  base  ab.  To  find  the  perp.  bc. 

Asrad 10-00000  As  rad lO'OOOOO 

:   hyp.  AC  =  645 2*80956  :hyp.  AC  =  645   2  80956 

::  COS.  ZA=39®  10'..       9-88948  ::  Bin.  L  A39'*  10' 9-80043 

:  base  AB  »500  -l  . . .       2  -69904  :  pcrp.  BC»407  -4 2  -60999 


Making  the  bate  rad.  bc  will  be  the  tang,  of  the  Z  a,  and  ac  the  sec. 
of  the  same  Z. 


To  find  the  base  ab. 

As  aec.  Z  A  39<>  10'  (oo.  ar.)      9  -88948 

:   hyp.  AG»645 2-80956 

: :  rad • 10  '00000 


To  find  the  perp.  bc. 

As  sec.  ZA=39*10'(co.ar.)  9-88948 

:hyp.  AC»645 2-80956 

::tang.   ZA39»10' 9-91095 


base  AB=^500-1 ^  2  -69904 


:  perp.  BC  =407  -4 2  -60999 


Making  the  perp.  rad.  ab  will  bc  the  tang,  of  the  Z  c,  or  cotang.  of 
the  Z  A,  and  ac  the  see.  of  the  Z  c,  or  cosec.  of  the  Z  a. 


To  find  the  base  ab. 

Asoosec.  ZA39^10'(QO.ar.)  9-80043 

:  hyp.  AC,=  645 2 -80956 

: :  cotan.  Z  A  390  10' 10  08905 


To  find  the  perp.  bc. 


:  rad. 


9  -80043 

2  -80956 

10  00000 


:ba8eAB«500-l 2-69904 


:  pcrp.=407  '4 2  -60999 


By  Construction. 

In  this  method  of  operation^  the  given  parts  of  the  triangle  are 
generally  marked  with  a  dash,  and  the  required  side  with  an  0,  as  in  the 
figure  annexed  to  the  constructions ;  also  the  angles  are  measured  and 
laid  o£f  by  a  scale  of  chords,  and  the  sides  from  a  scale  of  equal  parts. 


Draw  the  indefinite  line  ab,  and  make  the  Z 
A=39«  10'  draw  the  line  ac  (the  hyp.)  =645 
and  from  c  let  fall  the  perp.  bc  ;  then  abc  is  the 
A  required,  of  which  ab  =  500' 1,  and  bc =407*4 
measured  on  the  same  scale  by  which  the  hyp. 
was  drawn. 


Casb  II.  < 

Given  the  angles  and  the  base,  to  ^nd  the  hypothenuse  and  the  perpendicular 

p.        f  the  Z  A=46<>  30'  "1      Required  the  hyp.  ac,  and  the  perp' 
uiven  <^  ^^^  ^^^  ab  =  200  J  bc. 
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By  Calculation. 
To  find  the  hyp.  ac.  To  find  the  perp.  bo. 


As  CM.  Z  A  460  30'(oo.ar.      0  *16219 

:    beaeAB»200 2-30103 

::  rad 10-00000 


:    hyp.AC»290'5 2  46322 


0*16219 

2  30103 

::  Bin.  ZA46*»30' 

9 -86056 

:    perp.  BC«210-8 

2 -32378 

By  Construction, 

Draw  the  base  ab=200;  at  b  erect  the  perpen- 
dicular BC^  and  make  the  angle  a =46''  ^Qt :  draw 
the  hypothenuse  ac  to  cut  the  perpendicular  bc  in 
c;  then  will  ac  measure  290*5,  and  bc  210*8 


Case  III. 

Given  the  angles  and  the  perpendicular  j  to  find  the  base  and  the  hypo» 
thenuse. 

p.  r  the  Z  A=39^  10'      1  required  the  hyp.  ac,  and 

iiiven    ^  thepcrp.  BC=407'4    J  the  base  ab. 

By  Calculation. 
To  find  the  hyp.  ac.  To  find  the  base  ab. 

Aifin.  ZA39®10'(co.ar.)      0-19957  0-19957 

:    perp.  BC«407-4....       2-61002  2*61002 

::  nuL 10-00000  ::  cos.  ZA»390  lO'....       9.88948 

:   hjp.  AG-645 -0 2-80959  :    b8BeAB»500-l  .. ...       2*69907 


By  Construction] 

Draw  the  indefinite  right  line  ab,  and  on  b  erect 
the  perpendicular  bc,  which  make  equal  to  407'4; 
at  c,  make  the  angle  c  =  50o  50'= complement  Z 
A.  From  c  draw  the  hypothenuse  ac,  cutting  the 
line  AB,  in  a,  then  will  ac  measure  645  and  ab, 
500-1. 


34 


INTRODUCTION. 


Case  IV. 

Given  the  hypoihenuse  and  base,  ia  find  the  angles  and  the  perpett- 
dicular, 

p.  r  the  hypotheiiuse  ac=430   ^required  the  angles  a  and  c, 

iven  ^  ^^^  ^^^  ^g^    2  j4    J  ^^^  ^^^  p^^  ^^^ 


By  Calculatian. 

To  find  the  angles.  To  find  the  perp.  bc. 

As  hyp.  AC«430  (co«ar.)      7  -36653              Ajind 10  -OOOQO 

:    nd lO'OOOOO               :    hyp.  AC-430 2-63347 

::  baMAB»214 2-33041               ::  sin.  ZAe60*9' 9*93819 

:    coe.  ZA=60O9'  "I           0.69694               '    perp.  Bq«373-0 2-57166 

Z  v»^*29-ol    J  ■ 


By  Construction. 

Draw  the  line  ab=:214^  on  b  ereet  the  perpendicular 
BC;  with  the  distance  ac=430  and  centre  a^  cut  the 
line  BC  in  the  point  c^  and  draw  the  hypothenuse  ac  ; 
then  will  bc=373,  and  the  angles  a  and  c  will  be  re- 
spectively 60*9'  and  29;*5l\ 


Case  V. 


Given  the  hypothenuse  and  perpendicular,  to  find  the  angles  and  base. 


Given 


{the  hyp.   ac  =  540    "\  required  the  angles  a  and  c,  and  the 
the  perp.  bc=455    j  base  ab. 


By  Calculation. 


To  find  the  angles. 


To  find  the  base  ab. 


As  hyp.  AC =540  (CO. ar.)      7*26761 

:    rad. 10-00090 

::  perp.  BC«455 2-65801 


As  rad * 10  -00000 

:    hyp.  AC»540 2:73239 

::  COS.  ZA=57<>25'....       9-73121 


:    hsse  AB-290-8 


2  -46360 
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by  Cofutruetion. 

Draw  the  base  ab,  of  an  indefinite  length ;  at  b,  erect 
the  perpendicolar  bc=:455j  take  ac=5409  in  the  com- 
passeSj  and  from  the  centre  c,  cut  the  base  ab  in  a^  and 
join  AC;  then  will  ab= 290*8,  and  the  angles  a  and  b 
bcrcspectively=57*  25'  and  32'  35'. 


Cabb  VI. 


Given  the  base  and  perpendicular,  to  find  the  angles  and  the  hypothenuse. 
C  the  base  AB=^! 


Given 


the  perp 


AB==  225*5    "^     required  the  angles  A  and  c,  and 
.  Bc=276     J         the  hjrp.  AC. 


By  Calculation. 


To  find  the  angles. 


Ai  iMie  AB  -  225  -5  (oo.  ar.)       7  '64685 

:    rad lO-OOOOO 

::  perp.  BC-276 2-44091 


:    tog.  ZA-50»45' 


ZC-39* 


45' 1 
15'/-" 


10  08776 


To  find  the  hyp.  ac. 


As  nd 1 0  * 00000 

:    bafleAB»225.*5 2*35315 

::  sec.  ZA»50O45' 10*19880 

::  hyp.  AC-356-4 2*55195 


By  Construction. 


Draw  the  base  ab= 225*5,  and  on  b  erect  the  perp. 
Be =276;  draw  the  line  ac,  which  will  become  the 
hypothenuse,  and  will  be  =  356*4;  also,  the  angle 
A,  will  be  50''  45',  and  the  angle  c^SQ""  15'. 


Examples  for  Exercise, 

1.  Given  thehypothenuse  ac,  355,  and  the  angle  a,  opposite  the  per- 
pendicular, 33''  30^ :  required  the  base  ab,  and  the  perpendicular  Bc.  ? 

Answer. — The  base  ab  =  296, 
and  the  perpendicular  bc  =  195*9 

2.  Given  the  base  ab,  62*5,  and  the  angle  a  53^  51':  required  the 
hypothenuse  ac,  and  the  perpendicular  bc? 

Answer. — ^The  hypothenuse  ac  =  105*95, 

and  the  perp.  bc=  85*55. 
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3.  Given  the  perpendicular  bc^  296^  and  the  angle  a^  44«   10'  :  re- 
quired the  hypothenuse  ac,  and  the  base  ab  ? 

Answer. — The  hypothenuse  ac =424*8, 

and  the  base  ab =304*7 

4.  Given  the  hypothenuse  ac,  480,  and  the  base  ab,  288;  required 
the  angles  a  and  c,  and  the  perpendicular  bc  7 

Answer. — ^The  angle  a = 53«    8 ' 
the  angle  0=36**  52 
and  the  perp.  bc = 384*1 

5. — Qiven  the  hypothenuse  ac,  170,  and  the  perpendicular  bc,   91  : 
required  the  angles  a  and  c,  and  the  base  ab  ? 

Answer. — The  angle  a=32*  22', 
the  angle  c= 57'' 38' 
and  the  base  ab=143'6. 

6. — Given  the  base  ab,  7^,  and  the  perpendicular  bc,  85  :  required 
the  angles  a  and  b,  and  the  hypothenuse  ac  ? 

Answer.— The  ^a=  49*44', 
the  Zc=  40*  16', 
and  the  hyp.  ac=  111'4. 
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THE    APPLICATION    OP    THE    PWNCIPLES 


OF  PLANS   TBIOONOMETRT 


To  the  determmation  of  Heights  and  Distances  of  remote  objects. 


It  IB  of  great  importance  to  the  Narigator  that  he  should  be  able, 
whenever  occasion  offers^  to  determine  the  Heights  and  Distances  of 
objects  that  may  present  themselyes  on  his  approach  to  land;  having 
therefore  explained  the  principles  of  Plane  Trigonometry  in  the  pre- 
ceding pagesi  its  application  to  the  measurement  of  accessible  and 
inaccessiole  objects,  will  further  illustrate  the  subject. 

A  base  line  is  always  supposed  to  be  measured  or  given  in  length,  and 
the  angle  which  the  altitude  of  an  object  subtends  at  one  extremity  of 
this  line,  and  sometimes  at  each  extremity,  is  measured  by  any  instru- 
ment used  on  board,  for  the  purpose  of  measuring  angular  distances. 

In  taking  the  height  of  an  object,  if  the  eye  be  not  in  the  level  upon 
which  the  object  stands,  then  to  or  from  the  height  found,  must  be  ad- 
ded or  subtracted  the  distance  of  the  eye  from  the  level,  according  as  it 
is  placed  above  or  below  it,  and  the  sum  or  difference  will  be  the  true 
height  of  the  object. 

To  find  the  Height  of  an  accessible  object. 

Let  CB  denote  the  height  of  the  object, 
AD  the  height  of  the  eye,  the  angle  cde  the 
given  angle,  de  being  parallel  to  ab.  In 
the  triangle  dec,  the  side  de=ab  and  the 
angle  d  are  given  to  find  the  perpendicular 

CE. 


Example  1. 

Wishing  to  know  the  height  of  a  tower,  I  measured  116  feet  from  the 
base  of  it;  and  found  the  angle  of  elevation  above  the  level  of  the  instru- 
ment to  be  3  7**  24',  the  height  of  the  eye  5ft :  required  the  height  of  the 
tower? 


As  con.  ID^ZV  24'  (ar.co.)  0. 09995 
:  DE  the Imm  116  feet....  2*06446 
::  sine  l  37*24' 9*78346 


or. 


CE 88  -69  =  1  -94787 

height  of  feye 5* 

height  of  tower. .. .   93*69 


As  radios 

:    base  116  ft 

::  tang.  Z  ZV  2i'   .. 

:    CE 88*69 

height  of  eye    5  * 


10  -00000 
2*06446 
9-88341 

.  1*94787 


93  69  height  of  tower 
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To  determine  the  Height  and  Distance  of  an  inaccessible  object 

Let  DC  represent  a  light*hoase  on  the 
top  of  a  hill^  and  b^  a  point  in  the  horizon- 
tal plane;  from  this  point  observe  the  angle 
of  altitude  dbb^  at  any  other  point  in 
the  same  plane  as  at  a^  observe  the  angle 
of  altitude  dae^  and  measure  the  distance 
between  the  two  stations  a  and  b. 


Exanq^le  2. 

Given  the  A  at  b=43«  30'  and  the  ji  at  a=32**  12'.  Tte  Z  d 
will  be=ll^  18'  the  diff.  between  the  angles  b  and  a;  with  these  and 
the  distance  between  the  two  stations  a  and  b  =  ]12  feet^  proceed  as 
follows : 

To  find  DB.  To  find  be. 

As  radius ,   10*00000 

:    sine  Z  B=43«  30' 9  '83781 

::   BD  =  304-6 2.48371 

:    DE=209-7,    height   of]     

light-house    above  the  V  2*32152 

horizontal  plane J  - 


As  sine  Z  ADB»ll'']8'ar.co.  0*70786 

:    AB  the  base  112  feet 2  04922 

::  Bine  Z  A=32*' 12' 9*72663 

;    BD=s304*6,  distanoeofl     

first  station  from  the  top  y  2  *48371 

of  the  lighthouse J  " 


To  find  the  horizontal  distance  off  the  ohjectffrom  the  first  station^  it  will  be 


As  radius 10  00000 

:    sine  ZD»46*30' 9  86056 

BD»304*6 2*48371 


BB«220*9 


2-34427  thehor.  dist  of  the  object 
■    from  the  first  station  B. 


Theffollowing  is  a  more  concise  method.     To  find  db,  de,  and  be. 

ZADB  «  11°  18'  co.sec.      0*70786 

2  -04922 
9-72663 


•  •  • 


base  AB»112  feet  log. 
ZA         »  320  12'sine 

BD  «  304  -6  feet 

B  «  43°  30'  sine. . .  

D  E        =  209*7  feet 2*32152     (220*9«BE  2*34427 

DB  the  dist.  of  the  top  of  the  lighthouse  from  the  station  B<=304  -6  feet 


2-48371     2-48371 

9*83781     cos 9-86056 


DE  the  height  above  the  plane 
BE  the  hor.  dist.  from  B 


=209*7 
»220-9 


»f 


If  the  object  stand  on  a  rising  ground,  then  find  its  heigth  above  the 

plane  on  which  it  stands  by  the  last  problem,  as  also  the  height  of  some 

point  on  the  rising  ground,  at  the  foot   of  the  object,  and  this  last 

height  subtracted  from  the  former,  will  give  the  true  height  of  the  object; 

or  proceed  as  follows. 

B 
Let  BD  be  the  object,  and  ad  the  inclined 

plane.     Measure  a  base  ac  on  the  plane,  and 

the  angles  of  elevation  a  and  c,  of  the  top  of 

the  object,  taken  at  the  extremities  of  the 

base,  and  also  the  Z  of  elevation  x  of  the 

plane,  with  the  horizon. 
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To  find  the  angles  m,  n,  r,  and  o. 
r=BCE — or,    111=: BAF — x,      fir=r — TO,  and  (?=b  or  90" 4-^. 

Example  3. 
Required  the  height  of  alight-house  bd,  which  stands  on  an  inclined 
plane  ao^  the  distance  between  the  first  station^  c,  and  the^cond  station 
A^  being    120  feet,  the  angle  of  elevation  at  a  being  SO®  30'  and  at  c 
72**  10"  the  inclination  of  the  plane  with  the  horizon  being  10*. 

Tafind  the  respective  angles, 

111=50**  30'— 10**=40o  30' 
r=72"  10'— 10«»=62*'  10' 
n=diff.  m  and  r=21°  40'  =:al80  di£f.  obs.  ^s  at  A  and  o. 
0= 90* +10*  =  100** 

TTun  to  find  bd,  proceed  thuSy 

2  »  »  21<>  40'  CO.  sec.  . . .       0  '43273 

iMie  AC»120  ft  log 2  07918 

Ir    =  62»  ly  due 9 -94660 

AB«287'4feet '    2*458dl     2*45851 

Zm  »  40*  30'  mne 9  -81254 

Zo       ^lOO""  co0ec 0-00665 

Z   obs.  at  A=50**  30'    sine    9  -88741 


BD  »  189 -5  feet   2-27770.         (221 -8  ft.»BF  2\>4atfZ 

llie  top  of  the  ligfathoase  is  elevated  221-8  feet  above  the  horizontal  plane 
The  he^^t  of  the  lighthouse  itself  is  189 -5  feet;  and 
The  eleration  of  the  rising  ground  is  therefore  32  '3  feet. 

Te  determine  the  distance  between  two  distant  and  inaccessible  objects. 

Measure  the  distance  between  two  convenient 
stations  as  c^  d^  as  a  base,  from  each  of  which  you 
can  see  the  two  objects ;  at  the  point  c^  observe 
the  angles  acd  and  bcb^  and  at  n  observe  the  an- 
gles CDB,  and  CDA ;  then  in  the  triangle  cdb  are 
given  the  two  angles  bob  and  cdb^  (consequently 
ibt  angle  cbb^)  and  the  side  cd^  whence  to  find 
cb,  it  wiU  be^  as  sine  Z  cbd  :  sine  Z  cdb  :  :  cd  :  cb. 

Again  in  the  triangle  acb  are  given  the  two  angles  acd  and  adc  (con- 
sequently the  angle  cad)  and  the  side  cb^  whence  to  find  the  side  ac^  it 
will  be 

as  sine  Z  cab  :  sine  Z  cba  :  :  cb  :  ca. 

In  the  triangle  acb,  are  given  the  two  sides  AC  and  cb  and  the  included  Z 
acb  to  find  ab  the  distance  between  the  two  objects. 

Example  4. 

Suppose  Z  ACB  is  94*  55'  the  Z  bob  41*   25'  the  Z  cbb  lOS*'  14 
the  Z  ABC  46®  44'  and  the  side  cd  144  feet. 
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To  find  CB 


As  sin.  ZCBD»35°21'ar.co. 
:    sin.  ZCDB  =  103**  14'.. 

::  CD  =144 


0  *23764 
9-98831 
2*15836 


:  CB 


'242  3 2-38431 


Then  to  find  jlb,  it  will  be 

As  AC  +  CB»411*3ar.oo...     7*38584 

:    their  diff.  »  73*3 1-86510 

:  tang  of  i  snm 

ot  CAB  and  CBA 


} 


63**  15'  10-29753 


:  tang.i  their  diff.  « 19''  28'    9  -54847 
Z   CAB 


»  82    43 


To  find  CA 

Assin.  Z CAD « 330  21' ar.oo.  0-20728 

:    sin.  Z  CDA-^46* 44'  ... .  9  86223 

::-CD             -=144 2-15836 

:    CA             =169-0 2-22787 

again^ 

As  sin.  z  CBA»43''  47'  ar.oo.  0  -15994 

:    sin.  Z  ACB»53''  30' 9 -90518 

::  AC             »169*0 2-22787 

:    AB            »196-3 2-29299 

the  dist.  between  the  two  objects. 


Z   CBA 
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In  like  manner  bd  and  da  may  be  found,  from  which  and  the  in- 
cluded Z  BBk,  the  distance  may  be  found;  the  agreement  of  both  re- 
sults would  be  a  sufficient  proof  of  the  correctness  of  the  work. 


Examples  for  Exercise. 

1. — Required  the  height  of  a  tower  whose  angle  of  elevation,  observed 
at  the  distance  of  33  yards  from  the  bottom,  was  53*  26'. 

Answer.— 44:49  yards, 

2. — ^Required  the  height  of  an  object  the  angular  elevation  of  which 
was  measured  at  the  distance  of  86  yards,  and  found  to  be  56°  20'. 

Answer.  -  57*28  yards. 

3. — At  the  top  of  a  ship's  mast  120  feet  high,  the  angle  of  depression 
of  another  ship's  hull  was  15°  45' ;  what  was  the  distance  between  the 

ships  ? 

Answer,    425*5  feet. 

4. — Required  the  height  of  a  hill  from  the  following  measurements: — 
a  base  in  the  direction  of  the  hill  being  measured  1356  feet,  at  the  extre- 
mities of  which  the  angles  of  elevation  to  the  summit  of  the  hill  were 
found  to  be  25°  36',  and  36°  50'  ? 

Answer,     1803*06  feet. 

5. — ^In  order  to  determine  the  height  of  a  tower  standing  on  the  top 
of  a  hill,  a  base  240  feet  was  measured  in  the  direction  of  the  tower,  and 
in  the  same  vertical  plane  with  it ;  at  the  nearer  extremity  of  this  base, 
the  angles  of  elevation  of  the  top  of  the  hill  and  the  top  of  the  tower, were 
40**  and  51*;  and  at  the  further  extremity,  the  angle  of  elevation  of  the 
top  of  the  tower  was  33°  45'.     Required  the  height  of  the  tower  ? 

Answer,     112  feet,  nearly. 


NAVIGATION. 


ELEMENTARY  PRINCIPLES  AND  DEFINITIONS. 

Navigation  is  the  art  of  finding  the  latitude  and  longitude  of  a  ship 
at  sea^  and  of  determining  her  course  and  distance  from  that  place  to 
any  other  given  place ;  it  may  therefore  be  defined^  the  art  of  conducting 
a  ship  through  the  vast  and  trackless  ocean  firom  one  part  of  the  world 
to  another. 

The  place  of  a  ship  at  sea  is  determined  either  by  what  is  technically 
called  acctnmt,  or  dead  reckoning ,  or  by  astronomical  observation,  the  former 
constitutes  what  is  properly  termed  Navigation^  and  the  latter  Nautical 
Astronomy. 

Now  in  order  to  become  a  skilful  navigator,  the  mariner  should  have 
correct  notions  of  the  true  figure  and  magnitude  of  the  earth,  with  the 
relative  situations  of  the  principal  lines  and  circles  supposed  to  be 
delineated  upon  its  surface ;  and  he  must  also  understand  the  nature  and 
construction  of  charts,  and  the  use  and  application  of  the  instruments 
employed  in  determining  the  direction  of  the  ship's  track,  and  the  velocity 
of  its  motion  through  the  water. 

Without  dwelling  upon  the  erroneous  opinions  entertained  by  the 
ancients  respecting  it,  we  shall  at  once  assume,  that  the  earth — b^  which 
we  are  of  course  understood  to  mean  the  earth  and  sea  taken  as  one  whole, — 
is  of  a  figure  very  nearly,  though  not  strictly,  spherical,  and  shall  adduce 
such  familiar  proofs  of  it,  ar  may  fall  within  the  comprehension  of  every 
ordinary  understanding. 

>.  if  standing  on  the  sea  shore  on  a  fine  clear  day,  we  view  a  ship  leaving 
the  coast  in  any  direction,  the  hull  or  body  of  the  vessel  first  disappears, 
afterwards  the  rigging  becomes  invisible,  and  lastly  the  top  of  the  mast 
vanishes  from  our  sight.  Now  this  phenomenon  is  evidently  caused  by 
the  convexity  of  the  water  between  the  eye  and  the  ship,  for  were  the 
surface  of  the  sea  an  extended  plain,  the  largest  and  the  most  conspicu- 
ous part  of  the  vessel  would  be  visible  the  longest. 

If  we  sail  out  of  sight  of  land,  we  behold  the  surface  of  the  sea,  not 
losing  itself  in  distance,  but  terminated  on  all  sides  by  one  continuous 
sharp,  clear,  well  defined  line,  called  the  marine  horizon ;  and  as  all  parts 
of  this  line  appear  equally  distant  from  the  eye,  we  naturally  infer  that 
it  is  a  true  circle,  of  which  we  occupy  the  centre.     In  like  manner  a 
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spectator  on  land,  if  all  the  inequalities  of  surface  and  other  intervening 
objects  were  removed,  would  find  his  view  bounded  by  a  similar  circle^  in 
which  the  earth  and  sky  would  appear  to  meet. 

The  higher  the  eye  is  raised,  the  farther  is  the  view  extended,  for  it  is 
very  common  for  sailors,  from  the  top  of  the  mast,  to  discover  ships,  or 
land,  at  a  greater  distance  than  they  can  do  when  standing  upon  deck ; 
yet  the  sea  offint/,  or  marine  horizon,  still  retains  its  circular  form,  and 
if  we  ascend  in  a  balloon,  or  on  mountains,  to  any  very  considerable  height 
above  the  surface  of  the  earth,  the  visible  area  becomes  still  more  enlarged, 
while  its  angular  diameter,  or  the  angle  it  subtends  at  the  eye,  is  sensibly 
diminished;  yet  the  boundary  line  of  the  area — :the  marine  or  terrene 
horizon — ^when  not  obscured  by  atmospheric  circumstances,or  interrupted 
by  local  objects,  is  still  a  circle.  Now  the  results  are  always  the  saxne  in 
whatever  part  of  the  earth  similar  experiments  are  made,  and  i^  body,  which 
under  every  point  of  view  appears  always  circular,  ^an  hfi.  bo  other  thaa 
a  sphere  or  globe. 

The  Earth  has  been  sailed  round  by  many  navigators,  who  steering 
constantly  in  one  direction,  that  is,  making  only  such  devia^ns  from  a 
direct  course,  as  the  stretching  out  of  lands,  adverse  winds,  Scic.  might 
require,  but  without,  what  may  be  called^  turning  back,  again^  have 
returned  to  the  port  they  sailed  from,  in  a  direction  exactly  the  reverse 
of  that  in  which  they  left  it,  after  having  experienced  all  those  phenomena, 
which  should  naturally  arise  from  the  globular  form  of  the  earth* 

Nor  do  the  irregularities  of  the  earth^s  surface  present  any  serious 
objection  to  the  general  sphericity  of  its  figure ;  since  the  perpendicular 
elevation  of  the  highest  mountain  known,  does  not  exceed  five  miles,  and 
consequently  bears  no  greater  proportion  to  the  bulk  of  the  earth,  whose 
diameter  is  nearly  8,000  miles,  than  a  grain  of  sand  does  to  a  twelve  inch 
globe;  and  as  there  are  no  continents,  or  even  any  very  extensive  tracts  of 
land,  whose  general* elevation  above  the  seas  whicn  intersect,  or  the  oceans 
that  surround  them,  is  any  thing  like  so  considerable,  it  is  evident  they 
could  cause  no  visible  irregularities  on  the  surface  of  a  globe  of  the  above 
dimensions. 

Owing  however  to  the  diurnal  rotation  of  the  earth  on  its  axis,  its  figure 

is  not  that  of  a  true  sphere,  but  of  an  oblate  spheriod,  being  flattened  at 

the  polar,  and  swelled  out  at  the  equatorial  regions;  for  those  parts  being 

most  remote  from  the  axis  of  rotation,  their  gravity  must  be  most  dimin- 

i  ^  ished  by  the  centrifugal  force  arising  from  their  rapid  motion ;  and  this 

diminution  gradually  decreases  as  we  approach  the  poles,  where  it  is 
nothing ;  hence  the  earth  even  though  it  were  originally  a  perfect  sphere, 
would  naturally  assume  its  present  spheroidal  form.  The  figure  of  the 
earth,  however,  differs  so  little  from  that  of  a  true  sphere,  its  equatorial 
diameter  (7>924  english  miles)  only  exceeding  its  polar  by  about  25  miles, 
that  for  all  nautical,  and  for  most  astronomical  pui^ses,  it  may  for  the 
ease  of  calculation  be  considered  as  a  perfect  globe* 

The  diameter  about  which  the  earth  revolves  is  called  its  axisj  aad  the 
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extremitite  of  that  diameter  are  denotninated  the  poles  of  the  earthy  one 
ef  which  is  named  the  nortk,  and  the  other  the  txmthpok. 

The  equator,  generally  by  seamen  called  the  line,  is  a  great  circle^ 
equidistant  from  both  poles^  and  dividing  the  earth  into  two  equal  parts, 
ealled  the  northern  njid  soutketn  hemispheres.  The  equator^  like  all  other 
great  cirelesv  is  divided  into  360  equal  parts,  called  degrees,  and  these  are 
again  sub-divided  each  into  60  equal  parts  called  mites  or  minutes,  and 
each  minute  into  60  equal  parts,  called  seconds. 

Akruliims  are  great  cireles,  butting  the  equator  at  right  angles,  and 
BsoaiHg  through  the  polesv  Evely  point  upon  the  surface  of  the  earth  may 
b«  supposed  to  have  a  meridiian  passing  through  it ;  and  places  lying  due 
north  and  south  of  each  other,  are  said  to  have,  or  to  be  on  the  satne 
meridian.  That  meridian  passing  through  the  Royal  Observatoiy  at 
(SreiMindh,  is,  by  Iriglish  geographers,  termed  the  first  meridian,  and  all  the 
tabled  in  thl&  Nautical  Almanad,  and  other  English  astronomical  tables 
Siit  adApt^  to  that  meridian. 

The  atonmption  of  a  first  meridian  is,  however,  entirely  arbitrary ;  hence 
it  is  Bsual  now,  with  every  nation,  to  reckon  that  meridian  which  passes 
through  their  own  royal  observatory,  their  first  meridian ;  thus,  the 
French  consider  their  first  meridian  to  be  that  which  passes  through  the 
Royal  Observatory  at  Paris,  &;c.  Sec. 

Every  meridian  may  be  said,  in  reference  to  theplaceihrough  which  it 
passes^  to  divide  the  surface  of  the  sphere  into  two  equal  parts,  called  the 
eastern  and  western  hemi^heres. 

The  latitude  of  any  place  is  an  arc  of  its  meridian,  intercepted  between 
the  equator  and  the  given  place,  and  is  named  north  or  south,  aocotding 
as  the  given  place  is  in  the  northern  or  southern  hemisphere.  As  lati- 
tude commences  at  the  equator,  and  terminates  at  the  poles,  the 
greatest  possible  latitude  is  obviously  90*. 

Parallels  of  latitude,  are  small  circles  parallel  to  the  equator.    Every 

Elace  on  the  surface  of  the  earth  may  be  supposed  to  have  a  paraUel  of 
ititude  passing  through  it. 


He  difference  of  latitude  between  two  places,  is  an  arc  of  the  meridian> 
interctpted  between  their  respective  pandlels  of  latitude,  showing  how  far 
<me  of  them  is  north  or  south  of  the  other ;  the  greatest  possible  difference 
of  latitude  between  two  places  is  therefwe  IdO"*,  and  these  places  are  the 
poles. 

The  co-latitude  of  any  place,  is  the  complement  of  the  latitude  of  that 
place  to  90*. 

The  longitude  of  any  place,  is  that  arc  of  the  equator  which  is  contained 
between  the  first  meridian  and  the  meridian  of  the  given  place ;  and  it  is 
denominated  east  or  west,  according  as  the  given  place  is  situate  in  the 
eastern  or  western  hemisphere,  in  reference  to  the  first  meridian.  Longi- 
tude, being  reckoned  both  ways  from  the^Ir^^  meridian,  till  it  reaches  the 
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opposite  point  of  the  equator,  or  that  point  which  is  intersected  by  the 
opposite  part  of  the  meridian,  or  as  it  is  commonly  called  the  opposite 
meridian,  can  never  exceed  180®. 

JTie  difference  of  longitude  between  two  places  is  an  arc  of  the  equator 
intercepted  between  their  respective  meridians,  showing  how  far  one  of 
them  is  to  the  eastward  or  westward  of  the  other.  The  difference  of 
longitude  between  two  places  can  never  exceed  ISO"". 

When  the  latitudes  of  two  places  are  both  north  or  both  south,  or 

theis  longitudes  are  both  east  or  both  west,  they  are  said  to  be  of 

^  the  same  name.    But  when  the  latitude  of  one  is  north  and  of  the 

^  other  south,  or  when  the  longitude  of  one  is  east  and  the  other  west, 

\  t^ey  are  said  to  be  of  different  names, 

A  ship  in  north  latitude  sailing  northerly,  or  in  south  latitude  sailing 
southerly,  increases  her  latitude;  but  in  north  latitude  sailing  southerly,  or 
in  south  latitude  sailing  northerly,  she  decreases  her  latitude :  in  the  same 
manner,  a  ship  in  east  longitude  sailing  easterly,  or  in  west  lon^tude 
sailing  westerly,  increases  her  longitude ;  but  in  east  longitude  sailing 
westerly,  or  in  west  longitude  sailing  easterly,  she  decreases  her 
longitude. 


PRACTICAL    APPLICATION 

OF  THE  FOREGOING  PRINCIPLES  AND  DEFINITIONS. 

To  find  the  difference  of  latitude  between  two  given  places. 

BuLE. — If  the  latitudes  are  both  of  the  same  name,  that  is  both  north 
or  both  south,  subtract  the  less  from  the  greater,  and  the  remainder  will 
be  the  difference  of  latitude ;  but  if  one  be  north  and  the  other  south, 
add  the  two  latitudes  together,  and  their  sum  will  be  the  difference  of 
latitude. 

Examples, 

1.  Required  the  difference  of  latitude  between  Greenwich  Observatory 
and  Air  Point,  in  the  Isle  of  Man. 

Lat.  of  Air  Point 54°  26'N. 

Lut.  of  Greenwich  ObservHtory     -     51     29  N. 

Diff.  of  Lat.        - 2    57 

60 


In  Nanttcal  MUed  -    -    -  177 


K 
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2.  What  is  the  diflFerence  of  latitude  between  N.   Cape  in    New 
Zealand^  and  Funchal  in  Madeira. 

Lat.  ofN.  Cape 34o  24'S. 

Lat.  ofFnnchal        32    38  N. 

Diff.ofLat. 67      2 

60 

In  Naatical  Mflea 4022 


Tafind  the  difference  of  longitude  between  two  given  places. 

Bulk. — ^When  the  given  longitudes  are  of  the  same  denomination, 
Bubtract  the  less  from  the  greater;  but  when  they  are  of  different  deno- 
minations, add  them  together.  The  sum  or  remainder  will  be  the  dif- 
ference of  longitude ;  observing  however  that  as  the  difference  of  longitude 
signifies  the  less  arc  of  the  equator,  intercepted  between  the  two  meridians, 
when  the  longitudes  are  of  different  denominations  and  their  sum  exceeds 
ISO**,  that  sum  must  be  subtracted  from  SGO"*,  to  find  the  difference  of 
longitude. 

Examples, 

1.  Required  the  difference  of  longitude  between  Botany  Bay,  and  Cape 
Comoiin  on  the  Coromandel  coast. 


Long,  of  Botany  Bay       -    - 
Long,  of  Cape  Comorin    -     - 

-  ISl**  25'B. 

-  77    30'E. 

Difftrence  of  Long.      .     .     - 

-      73    55 
60 

In  Miles,  or  min.  of  long. 

-    4435 

2.  A  ship  from  long.  172°  W.  sails  westward,  till  she  arrives  in  long. 
148''  15'  E.  required  the  difference  of  long,  made  good. 

Long,  left  - 172^    O'W. 

Long,  in 148     15  £. 

Sun 320     15 

360      0 

Diff.  ofLong. 39    45 

60 

In  Miles,  or  min.  of  long.     -    2385 


Given  the  latitude  left,  and  the  difference  of  latitude,  to  find  the  lat*  in. 

RuL£. — ^When  the  latitude  left  and  the  difference  of  latitude  are  of  the 
same  name,  their  sum  will  be  the  latitude  in ;  but  when  they  are  of 
contrary  denominations,  their  difference  will  be  the  latitude  required. 
This  latitude  will  always  be  of  the  same  name  with  the  greater 
quantity. 


f,!^ 


-** 


H- 


«. 


i 
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1-  A  ship  from  lat.  36   42'  N.  gailed  in  a  northerly  direction  till  she 
made  her  difference  of  lat.  417  miles^  required  her  lat.  in. 

Lat.  left  ---.»---    38°  42'N. 
Diff.  of  Lat.  Al7m.^  ....      6    57  N. 

Lat.  in 45    39  N, 


2i  A  ship  from  lat.  49*"  68'  N.  sails  to  the  southward  83  miles,  required 
her  present  latitude* 

Lat.  left    ^ 49^  58'N. 

Diff.  Lat.  83m.» 1    23  S. 

Llil.  in. 48    36  N. 

Given  the  longitude  left,   and  the  difference  of  longitude,   to  find 

the  longitude  in. 

Rule. — ^When  the  longitude  left^  and  the  difference  Of  long,  are  of  the 
same  name,  their  sum  will  be  the  long,  in,  unless  that  sum  exeeed  180*",  in 
which  case  that  sum  is  to  be  subtracted  ftom  360*,  and  the  remainder  will 
be  the  long,  in,  of  a  contrary  name  to  the  long.  left.  But  when  the  long, 
left,  and  the  difference  of  long,  are  of  contrary  denominations,  their 
difference  will  be  the  long,  in,  of  the  same  name  with  the  greater 

quantity. 

• 

ExatnpleJs. 

1.  Suppose  a  ship  from  24*  36'  W.  sails  westward  536  miles,  what  is 
her  present  longitude. 

Long,  left    -     -     *    .     -     -     -    24*  36' W. 
Diff.  of  Long.  536m.-      ...      8    56  W. 

Long.  in. 33    32  W. 

2-  A  ship  from  Cape  llast,  New  Zealand,  in  lone.  178*  4(y  £.  sails  east- 
ward till  her  diff.  of  long,  is  405  miles,  required  ner  present  long. 

Long«left 178°  40'E. 

Diff.  Long.  405m.  B  ....        6    45  £. 

Sum 185    25 

360      0 

■  ■  *■    -  I  m 

LoBC^&n.       ----'--    174    35  W. 
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Examples  for  Exerciser, 


1.  Beqnired  the  difference  of  lat.  and  the  diff.  of  loBg.  between  the 
Idsard  and  Air  pointy  in  the  Isle  of  Man. 

Answer.— Diff.  of  lat.  4«  Bff  ^  270  miles.    Diff.  of  long.  49  mile^. 

2.  Required  the  difference  of  lat.  ^d  difference  of  long,  between  Cape 
Clear  and  Java  Head. 

Answer.— Diff.  lat.  58**  14'  =3494  miles.  ' 

Diff.  of  long.  114o  41'=:6881  miles. 

3.  A  ship  from  lat.  48?  2'  N.  and  long,  16  34'  W.  sails  between  the 
S.  and  E.  till  she  makes  149  miles  diff.  of  lat«  and  218  miles  diff,  of  long, 
required  her  lat.  and  long.  in. 

Answer. — Her  lat.  in,  is  45o  S3'  N.  and  her  bng.  in,  12*  56*  W. 

4.  A  ship  from  lat.  64''  2'  N.  nad  long.  S^  13'  W.  sails  between  the  S. 
and  £.  and  finds  she  has  made  204  miles  diff.  of  lat.  and  158  miles  diff.  Qf 
long.    What  lat  and  long,  has  she  arrived  at  t 

Answer^— 60''  38'  N.  lat.  and  35'  W.  long. 


INSTRUMENTS    OF    NAVIGATION. 

The  instruments  used  for  directing  the  coarse,  and  estimating  the  rate 
of  sailing  of  a  ship  at  sea,  are,  the  Mariner's  Compass,  the  Log,  and  the 
Log  Glasses. 

THE     MABINER'8    COMPASS. 

Is  an  artificial  representation  of  the  horizon,  and  is  used  by  seamen  to 
direct  Ihd  ascertain  the  course  of  a  ship  at  sea;  one  of  the  principal  parts 
of  thiil^strument  is  a  circular  card,  the  circumference  of  which  is  divided 
into  32  equal  parts,  by  lines,  called  painiSf  drawn  from  the  centre,  the 
spaces  between  these  points  are  each  divided  into  halves  and  quarters, 
termed  half  points  ana  quarter  peints ;  the  circumference  is  also  divided 
into  SfiO""  conse<|uently  the  angle  comprehendedbetween  any  two  adjacent 
points  is  equal  to  11**  4^^ 

The  four  principal  poipts,  denominated  cardinal  points,  are  the  north, 
soiUi,  east  and  loest.    T&e  north  and  south  points  are  opposite  to  each 
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Other;  and  looking  towards  the  north,  the  middle  point  between  them 
(to  the  right)  is  the  east^  and  the  opposite  point  the  west,  these  points 
therefore  divide  the  circumference  into  four  quadrants  of  90*  or  8  points 
each. 

All  the  intermediate  points  of  every  quarter  of  the  compass,  are  named 
according  to  their  local  position,  with  respect  to  the  cardinal  pomts  which 
comprehend  that  quarter,  and  to  one  another;  and  since  the  nomencla- 
ture which  has  been  adopted  in  the  case  of  one  quadrant  will  apply  with 
a  suitable  change  of  terms,  to  the  other  three,  it  will  be  sufficient  to  shew 
in  what  manner  the  .points  of  one  of  the  quadrants  (the  north-east  for 
example)  have  been  named. 

By  referring,  then,  to  the  annexed  figure  of  the  compass  card,*  it  will 
be  seen  that  the  point  of  bisection  between  the  north  and  east,  from  its 
equal  relation  to  both,  is  called  the  north-east^  In  like  manner,  the  bi- 
section of  the  arc  between  the  north  and  north  east,  is  called  the  north 
north-east,  and  that  of  the  arc  between  the  east  and  no  rth-east,  by  a 
similar  analogy,  east  north-east. 

The  bisection  of  each  of  the  four  resulting  arcs,  divides  the  quadrant 
into  eight  points,  each  of  which  is  named  by  writing  after  the  north,  east, 
and  north-east  points,  the  term  by  (used  in  sense  of  proximity)  with  one 
or  other  of  the  cardinal  points  annexed,  according  as  the  point  to  be  named 
is  contiguous  to  the  one  or  to  the  other.  Thus,  the  point  adjacent  to  N*  E. 
towards  the  north  is  called  N.  E.  by  N*,  while  the  one  similarly  placed 
towards  the  E.  is  termed  N.  E.  by  £.;  by  a  like  mods  of  procedure,  the 
point  next  to  the  north  towards  the  east,  is  called  N.  by  E.,  and  that  next 
to  the  east  towards  the  north,  E.  by  N. 

With  regard  to  numerical  order,  these  points  are  reckoned  from  the  nort^, 
and  also  from  the  south  towards  the  east  and  west,  as  is  shewn  in  the 
following 


*  It  if  scarcely  necessary  to  obserre,    that  on  the  compasi  card  the  initials  only  of  the 

different  points  are  inserted,  instead  of  the  words. 
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TABLE 


Of  the  anglei  made  by  every  point  of  the  compass  with  the  meridunL 


I 


ISortSi. 


N.  lyK 


N.iV.s. 


rQC.  by  N. 


South* 


PofntB. 


8  bjE. 


I 


o       / 


8S.B. 


1 
1 
1 
2 


S.E:  by  8. 


K.E. 


N.E  by  E. 


E.N.E. 


E«  byN» 


SB 


B.E.  by  E. 


E8.E. 


B  brs. 


2 
2 
2 
3 


3  t 

3  i 

3  » 

4 


5 


»  i 

« 


6    i 

: 

7 


7  * 

7  i 

7  ♦ 

6 


2  49 

5  37 

S  26 

11  15 


14  4 

16  52 

19  41 

22  30 


25  19 

28  7 

30  56 

33  45 


l^^orth. 


N.  by  W. 


N.N.W. 


South. 


S.byW. 


6«  a.  W« 


36  34 

39  22 

42  a 

45  0 


47  49 

50  37 

53  26 

56  15 


59  4 

61  52 

64  41 

67  30 


70  19 

73  7 

75  56 

79  45 


81  34 

84  22 

67  11 

90  0 


N.W>  by  N. 


N.W. 


N.W.  byW 


W,  N.  W. 


S.  W,  by  S. 


S.W. 


S.W.byW. 


Yli   Sa    W« 


W.byN. 


W.by  S. 


WMt 


Tfafe  compass  card  is  attached  to  a  magnetic  bar,  commonly  called  the 
needle,  placed  immediately  below  it,  in  tbe  direction  of  the  north  and  south 
line,  the  north  point  of  the  card  being  laid  upon  the  north  end  or  pole  of 
the  needle. 

The  needle  is  made  of  good  steel  moderately  tempered,  and  magnetized 
artificially,  to  a  maximum  state,  whereby  it  acquires  the  peculiar  property 
ci  always  pointing  in  a  particuliar  direction,  generally  not  far  from  that 
of  the  meridian.  The  needle  having  a  small  socket  in  the  centre,  is  sup- 
ported at  that  point  by  a  pivot  on  which  it  tmms  freely,  and  being  acted 
upon  by  the  magnetic  attraction,  each  poist  respectively  shews  the  cor- 
nvponding  magnetic  points  of  the  horizon. 

The  supporter,  on  which  the  middle  of  the  needle  rests,  is  fixed  to  the 
bottom  of  a  brass  or  wooden  hemispherical  box  or  bowl,  the  mouth  ef 
wldch  is  covered  with  a  plate  of  glass,  to  protect  the  card  from  agitation 
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by  the  wind,  and  the  box,  containing  the  needle  and  its  eard  thoa  sup- 
ported, is  retained  in  a  horizontal  ppsition,  by  means  of  two  ooncentric 
rings  called  gimbals,  which  are  connected  with  each  other  hy  pivots  dia- 
metrically opposite ;  the  outer  ring  being  attached  to  a  square  box  also 
by  pivots,  in  such  a  manner,  that  the  Ime  which  joins  them  is  at  right 
angles  to  the  line  joining  the  two  former,  the  rings  having  an  easy  motion 
ta  the  pivots  by  which  they  are  suj^rted;  to  whatever  motion  the  ex- 
ternal box  is  exposed,  the  mtemal  one  remains  with  its  surface  always  in 
a  horizontal  position. 

The  ship's  course  is  indicated  by  the  angle  which  the  ked  makea  with 
the  needle,  and  this  is  more  distinctly  pointed  out,  by  means  of  a  verti- 
cal line  drawn  in  the  inside  of  the  circular  box,  and  in  steering  a  paitica- 
lar  course,  the  corresponding  point  in  the  compass  cerd  must  be  kept,  by 
the  management  of  the  steersman,  to  bear  steadily  upon  it.  This  vertical 
line  is  commonly  called  the  lubber's  poinL 

The  needle  does  not  always  point  to  the  true  north  point  of  the  horicon, 
and  its  deviation  from  that  direction  is  called  the  variation  of  the  compass, 
the  quantity  and  direction  of  which  variation  at  any  place,  may  easily  be 
determined,  by  astronomical  observations,  in  a  manner  hereafter  to  be 
taught ;  it  is  sometimes  estimated  in  degrees  &c.,  but  more  frequently 
in  points. 

Thus,  if  the  north  end  of  the  needle  points  to  the  N.N.W.  point  of 
the  horizon,  the  variation  of  the  compass  is  said  to  be  two  points  westerly^ 
and  the  N.N.E.  point  of  the  compass  will  coincide  with  the  meridian;  the 
east  point  of  the  compass  with  the  E.N.E.  point  of  the  horizon,  and  so 
on.    iBut  if  the  north  point  of  the  compass  is  directed  to  the  N.E.  by  N. 

{>oint  of  the  horizon,  the  compass  is  then  said  to  have  three  points  easter- 
y  variation,  and  the  N.W.  by  N.  point  ot  the  compass  will  coincide  with 
tne  meridian,  &c. 

The  allowances  to  be  made  for  the  variation  of  the  compass  at  sea^  will 
however  be  more  particularly  explained  in  their  proper  place. 

The  bar  or  needle  on  being  magiietized,  not  only  acquires  the  property 
of  pointing  in  a  particular  direction,  but,  though  accurately  balanced 
before,  it  loses  its  horizontal  direction^  and  becomes  inclined  to  tBe 
horizon. 

This  inclination  of  the  needle,  called  the  dip  of  the  needle,  is  different 
in  different  places,  the  north  end  dipping  in  north  magnetic  latitude,  and 
the  south  end  in  south  magnetic  latitude ;  the  magnetic  latitude  being 
reckoned  from  the  magnetic  equator,  or  that  part  of  the  earth  where  the 
dip  is  nothing ;  and  since  the  magnetic  equator  is  an  irregular  curve,  not 
comciding  throughout  with  the  earth's  equator,  the  magnetic  latitudes  do 
not  every  where  correspond  with  the  geographical  latitudes. 

In  order  to  counteract  the  effects  of  the  dip,  and  to  adjust  the  card  to 
a  horizontal  position,  needles  properly  fitted  up  for  mariner's  compasses, 
have  a  sliding  weight  applied  to  them,  which  acts  with  greater  or  less 
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force,  according  as  it  is  at  a  greater  or  less  distance,  from  the  centre  of 
the  needle. 


DEVIATION   OF   THE   COMPASS. 

Besides  the  yariation  of  the  compass,  and  the  dip  already  described,  the 
needle  is  also  subject  to  a  deviation  from  the  magnetic  meridian,  called 
the  local  deviation^  caused  by  the  influence  of  the  iron  work,  guns, 
anchors,  &c.  in  and  about  the  vessel;  whereby,  instead  of  its  pointing 
exactly  to  the  magnetic  north  and  south,  it  is  drawn  from  this  position 
by  the  magnetic  attraction  of  the  iron :  in  merchant  vessels,  in  general, 
this  effect  is  much  less  considerable  than  in  men  of  war  and  steam  vessels, 
where  the  guns,  tanks,  shot,  &c.  in  the  former,  and  the  engines  and 
paddles  in  the  latter,  produce  a  much  greater  disturbance  of  the  needle, 
than  is  found  to  exist  in  most  other  vessels. 

The  amount  of  this  deviation  varies  very  considerably  under  different 
circumstances ;  in  almost  all  vessels,  it  is  greatest  with  the  ship's  head 
towards  the  east  and  west,  and  least,  or  nearly  nothing,  with  the  head 
towards  the  north  and  south ;  it  also  varies  with  the  dip,  being  less  in 
those  parts  of  the  world  where  the  dip  of  the  needle  is  least  and  increases 
as  the  dip  increases,  either  to  the  north  or  south,  having  been  found, 
with  a  dip  of  about  80*",  to  amount  to  no  less  than  30"*  or  40^,  it  also 
changes  iU  direction  when  the  dip  of  the  needle  is  reversed,  thus,  upon 
a  ship  from  north  magnetic  latitude  arriving  in  south,  the  local  deviation 
assumes  an  opposite  direction  to  that  it  previously  had. 

The  best  practical  methods  of  determining  the  amount  of  the  local 
attraction  on  board  are  as  follows ; — ^first  by  comparing,  by  a  compass  on 
board,  the  bearing  of  a  distant  object  on  shore,  whilst  the  vessel  is 
swung  round  through  all  the  points  of  the  compass ;  it  is  necessary  that 
the  object  on  shore  should  be  some  miles  distant,  in  order  that  the 
parallax  of  the  vessel,  in  the  circuit  she  makes  in  swinging  roimd,  be 
so  small  as  to  subtend  an  insensible  angle  at  the  object. 

The  distance  from  the  object  should  vary  from  five  to  ten  miles, 
according  as  the  ship  is  moored,  for  could  she  move  as  it  were  on  a  pivot 
the  observations  might  be  considered  as  taken  from  a  single  spot.  After 
the  observations  are  once  made  and  the  deviation  determined,  great  care 
should  be  taken  that  no  alteration  takes  place  in  the  disposition  of  the 
iron  by  which  the  compass  is  surrounded.  Taking  on  board  the  davits  on 

Soing  to  sea,  has  been  known  to  produce  a  serious  change  in  the 
eviation. 

Having  selected  an  object  on  shore,  and  determined  its  true  bearing 
from  the  shipj  observe  the  bearing  of  the  object  as  the  ship's  hsad  arrives 
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at  the  several  points  of  the  compast.  The  difference  betweijn  tbe  observed 
and  the  correct  magnetic  bearings  will  be  the  local  deviation  corresponding 
to  the  position  of  the  ship's  head  at  the  instant  of  observation. 

The  deviation  thus  found  is  to  be  called  east,  when  the  nortli  end  of 
the  needle  is  drawn  to  the  eastward^  or  to  the  right-hand ;  and  west  when 
it  is  drawn  westward^  or  to  the  left-hand ;  and  the  eorreetion  arising 
from  the  deviation,  is  ta  be  applied  exactly  in  the  same  manner  as  tbe 
variation  is  applied;  that  is,  supposing  the  eye  to  be  in  the  centre  of  tbe 
compass  card,  and  looking  along  the  point  in  question,  the  east  deriation 
must  be  applied  to  the  riffht*  hand,  and  the  west  deviation  to  the  left 
hand* 

The  bearings  should  be  immediately  noted  in  a  Table  a*rr«ngeJ  la  tbe 
following  form. 

When  the  deviation  is  to  the  eastward,,  it  is-  marked  — ,  when  k>  tbe 
westward  -I-. 

True  magnetic  bearing  of  the  object  from  the  ship,  N.  17T1.* 


Ship's  Head, 


North 
N.N.E. 

N-B. 
E.N.E. 

East 
£•  S*  £• 

S.E. 

S«  S«  £• 


Obaenrtd 

bearing  of 

Objeet, 


N 
N 

N 
N 
N 
N 
N 


IS""  B 
16  E 
14  E 
134  E 

12  E 

n  E 

10    E 

13  E 


Lecal 

Deriation 


— 1 

—a 

-34 


-74 

—7 


Ship's  Head, 


Obserf^ 

bearing  0f 

Object, 


Soath 

8*  5«  W» 

8.W. 

West 
W,N.W. 
N.W. 

N.N.W, 


N 
N 
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The  effect  of  the  local  deviation  on  the  needle  thus  fomnd,  should  be 
placed  in  convenient  order  for  correcting  the  courses ;  or,  what  would  still 
more  efiFcctually  prevent  error  in  applying  the  correction,  a  table  of  the 
points  ready  corrected  aright  be  made,  and  placed  either  in  the  binnacle 
or  some  ready  place  of  reference. 

By  the  above  observations  it  is  evident,  that  if  a  ship  were  apparently 
steering  S.£.  by  the  compass,  she  would  be  actually  steering  J^  to  the 
southward  of  that  point,  or  S.E.|S.  and  in  working  the  day^s  work,  the 
— l*"  must  be  applied  to  that  course ;  but  if  on  the  ot^r  taek  she  should 
lie  up  north,  only  1  ^  would  be  the  correction  to  be  applied,  and  that 
with  the  contrary  sign. 


'^  This  Table,  which  is  here  in  an  abridged  foiBi  is  extracted  from  a  Fkmphlet  pub* 
fished  by  the  AdniraUx. 
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Having  shefm  flife  means  by  which  the  seanian  may  attain  the  desired 
object  with  a  single  compass,  we  will  now  describe  the  second  method, 
whichy  howerer,  requires  the  assistance  of  two  compasses  and  two  ob« 
aenrers.  The  two  compasses  selected  for  the  operation  should  precisely 
agree  with  each  other.  One  of  them  mounted  on  a  tripod  stand  is  to  be 
taken  on  shore,  at  a  short  and  convenient  distance  from  the  ship,  and  so 
placed  as  to  be  easily  seen  from  the  other  compass,  which  remains  on 
t)oard  in  its  proper  position  in  the  binnacle,  from  whence  the  principal 
observer  will  watch  the  progress  of  the  ship^s  head,  and  by  some  pre- 
concerted signals  he  will  communicate  the  instant  of  his  making  each 
observation  to  his  assistant  on  shore. 

Care  should  be  taken  to  check  the  rapidity  of  the  ship's  swinging,  and 
to  steady  her  head  at  the  moment  of  observation ;  then  commencing  at 
any  point  on  which  the  ship's  head  happens  to  be,  the  bearing  of  the 
shore  compass  is  taken,  and  at  the  same  moment,  by  signal,  the  bearins 
of  the  compass  on  board  is  taken,  and  each  observation  is  registered. 
In  this  manner  the  ship's  head  is  carried  through  the  different  points  of 
the  compass,  and  the  observations  are  placed  in  a  tabular  form,  some- 
what like  the  last ;  the  difference  between  the  observations  made  on  shore 
and  on  board,  forming  9  column  of  corrections  to  be  appUed  as  before  to 
the  respective  courses. 

Great  care  should  be  taken,  previously  to  making  these  experimentSi 
that  the  compasses,  caps,  pivots,  &c.  are  in  good  order,  and  that  the 
two  compasses  agree  wnen  free  from  local  influence. 

And  it  should  be  remembered,  that  all  observations  on  board  should 
be  made  yrom  the  binnacle,  as  an  alteration  in  the  position  of  the  com- 
pass on  board,  will,  from  the  very  nature  of  the  local  deviation,  alter 
the  bearing  of  every  object  tak^i  with  it. 

Different  plans  have  been  devised  for  correcting  the  deviation,  btt  that 
proposed  by  Professor  Airy,  has  been  universally  adopted  in  the  mer- 
ehant  steam  vessels ;  this  is  effected  by  placing  powerful  magnets  in  the 
deck  near  the  compass,  by  which  the  needle  is  drawn  round  to  its  proper 
position ;  but  the  method  of  correcting  the  courses,  as  explained  before, 
IS  to  be  preferred,  where  sufficient  attention  can  be  given  by  those  on 
board.  The  magnets  may,  in  some  instances,  be  found  to  lose  their 
power,  but  the  experiment  has  now  had  such  full  trial,  that  with  ordi- 
nary care,  and  an  occasional  examination,  by  swinging  the  ship  round 
ana  comparing  her  compasses  with  a  good  azimuth  on  shore,  there  is 
little  chuice  of  the  continuance  of  a  sensible  error.* 


*  For  s  fbller  acooont  of  the  CompiM,  and  the  varions  effects  pn>dQoed  on  it,  hj  the 
dknoiltian  of  flie  iron  on  board,  and  other  canaei,  I  would  refer  the  itndent  to  Oaptain 
JdnoiOD'i  Yahiabk  work  on  the  Derlation  of  the  Compaas. 
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THE      LOO      AND      GLASSES. 

These  are  instniments  used  for  ascertaining  the  velocity  ^of  a  ship's 
motion,  or  what  is  commonly  called,  her  rate  of  sailing. 

The  Logy  or  Log  ship,  consists  of  a  quadrantal-shaped  piece  of  wood, 
a  quarter  of  an  inch  thick,  and  of  about  five  inches  radius ;  the  curved 
part  of  which,  is  loaded  with  lead,  so  as  to  sink  the  whole  just  below  the 
surface  of  the  water,  and,  at  the  same  time,  to  kenp  it  in  an  erect 
position.  There  are  commonly  two  holes  in  the  log,  through  one  of 
which,  one  end  of  the  slings  is  rove  and  knotted;  the  other  is  to  receive 
a  peg  of  wood  or  bone,  which  is  attached  to  the  other  end  of  the  slings. 

The  log-line  is  bent  on  to  the  bight  in  such  a  manner,  as  to  have  the 
peg  end  of  the  slings,  the  shortest,  that,  upon  being  checked,  when  the 
operation  of  heaving  the  log  has  been  effected,  the  peg,  which  when  the 
log  is  hove,  is  pressed  firmly  into  the  hole  appropriated  to  it,  may  come 
out,  and  the  log  be  more  readily  hauled  in. 

The  inner  end  of  the  log-line  is  fastened  to  the  spokes  of  a  reel,  on 
which  the  line  is  wound,  and  this  reel,  turning  freely,  suffers  the  line  to 
run  off,  without  checking  or  bringing  home  the  log. 

The  log-line  is  about  120  fathoms  in  length,  and,  at  a  distance  vary- 
ing in  different  lines,  from  10  to  20  fathoms  from  the  log-ship,  a  bit  of 
bunting  rag,  and  sometimes  of  black  leather,  is  fixed,  to  mark  off  a  suf- 
ficient quantity  of  line,  called  stray  line,  to  let  the  log  go  clear  of  the 
ship  before  the  line  is  counted. 

From  this  point  to  the  inner  end,  the  line  is  divided  into  equal  portions 
called  Knots ;  at  each  of  which,  a  bit  of  string,  with  the  number  of  knots 
upon  it,  is  put  through  the  strands. 

The  length  of  a  knot  should  bear  the  same  proportion  to  a  nautical 
mile,  that  the  space  of  time  indicated  by  the  glass  bears  to  an  hour;  hence 
the  length  of  a  knot,  adapted  to  a  glass  of  a  given  number  of  seconds,  is 
easily  determined. 

The  nautical  mile,  being  very  nearly  6,080  feet,*  and  the  hour  consist- 
ing of  3,600  seconds,  let  it  be  required  to  find  the  length  of  a  knot  for 
a  glass  of  30  seconds, — 

3600  :  30  : :  6080  :  50*7>  or  50ft.  Sin. 
The  Jength  of  the  knot  for  a  glass  of  28  seconds, — 

3600  :  28  :  :  6080  :  47*3,  or  47ft.  3iin; 
and,  in  a  similar  way,  the  length  of  a  knot  for  any  other  glass  may  be 
determined. 

The  glass  running  28  seconds  is  generally  used,  but  when  the  ship's 
rate  of  sailing  exceeds  8  knots,  a  quarter  minute  glass,  or  glass  running 
14  seconds,  is  sometimes  employed ;  in  which  case,  the  common  knots 
run  off  must  be  doubled,  or  a  log-line  with  half  knots  used. 


«  A  nautical  mile,  corresponding  to  the  mean  radius  of  the  Earth,  is  6076  feet,  and 
the  length  of  a  knot  for  a  half-minnte  glass  U  50  *63  feet,  or  50ft.  7  4tn ;  henoe  if  the  knot 
be  divided  dedmally  erery  tenth  wiU  be  5  foet  and  |  of  an  inch. 
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The  knot  is  sappoaed  jbo  be  divided  into  eight  equal  parts  or  fiithoms, 
and  that  these  may  be  just  6  ft.  each^  it  is  common  to  allow  48  ft  to  a 
knot ;  bat  whatever  length  may  be  assigned  to  the  knot,  as  the  log-line 
and  glasses  are  frequently  affeeted  by  alterations  in  the  heat  ov  moibture 
of  the  weather,  &c.  they  should  be  very  frequently  examined,  and  the 
ship's  run  corrected  for  any  errors  that  may  be  discovered  in  the  instru- 
ments. 

The  distance  between  the  knots  mav  be  easily  measured  with  a  rule,  or 
compared  with  the  distance  between  the  nails  placed  on  the  deck  for  that 
purpose:  and  the  half  minute  glass  may  be  examined,  either  by  a  watch 
with  seconds,  or  by  the  vibrations  of  a  plummet  fastened  to  a  line  39^ 
inches  long,  from  the  point  of  suspension  to  the  centre  of  the  plummet ; 
a  vibratory  motion  being  imparted  by  the  hand  to  the  plummet,  the 
number  of  its  vibrations,  performed  while  the  glass  is  running  out,  will 
be  the  number  of  seconds  measured  by  the  glass. 

The  following  rules  have  been  given  for  correcting  the  ship*s  run,  on 
account  of  the  errors  in  the  log  line  and  half  minute  glass. 

Casb  I. 

n^  iiitanee  sailed  by  the  hg  and  the  seconds  run  by  the  glass  benuf  given 
to  'fyid  the  true  distance,  the  line  being  supposed  right. 

Rule. — ^Multiply  the  distance  given  by  the  log  by  30,  and  divide  the 
product  by  the  seconds  run  by  the  glass,  the  quotient  will  be  the  true 
distance. 

Exanq)les. 

1.  The  hourly  rate  of  sailing  by  the  log  is  7  knots,  and  the  glass 
running  out  in  32  seconds,  required  the  true  rate. 

Bate  of  Mfling  per  log       7    knoti 

30 


32  )  210  (  S*5  the  true  imteneurly. 

2.  Suppose  the  distance  run  by  the  log  is  84  miles^  and  the  glass  runs 
27  seconds,  what  is  the  true  distance  siuled  f 

Diffemce  per  log    84    milei 

30 


27  )  2520  (  93i  tree  distance. 


Case  II. 


Given  the  distance  sailed  by  the  log,  and  the  measured  interval  between 
two  adjacent  knots  in  the  line,  to  find  the  true  distance,  the  glass  running 
exactly  30  seconds. 

Rule. — ^Multiply  the  distance  given  by  the  log»  by  the  measured 
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interval^  and  difidis  the  prodaot  bj  48^^  tlie  quptient  wiU  he  thft  true 
diitaace. 

Examples, 

1.  Sappoge  the  distance  sailed  by  the  log  to  be  8  knots,  and  the 
measurea  interval  between  two  adjacent  knotf  to  be  51  ft.  what  is  the 
true  rate  of  sailing  ? 

Diitanoe perlog 8  knoti 

fleafarod  lateral ^^  ^ 

48  )  408  (  8  '5  trae  nts. 

2.  The  distance  mn,  as  shown  by  a  line  which  measures  43  ft.  between 
two  adjacent  knots,  is  106  miles,  required  the  true  distance. 

Distiooe  per  log 106  milet 

Measured  intenral 43  feet 

48  )  4558  (  94  •96  tnie  dktuoe. 


Cask  III. 

Given  the  length  of  a  knot,  the^  fiifnii«r  ofseconde  rtfo  (y  i^glaes  and  the 
distance  sailed  by  the  log,  to  find  the  true  distance. 

Ri4e. — Silultiply  the  diftanqe  run  by  t\ie  }og|  by  the  length  of  a  l^notj 
to  which  annex  a  cipher,  and  divide  the  product  by  16  times  the  second^ 
run  by  the  glass,  the  quotient  will  b^P  ^e  true  distance. 

Examples. 

1.  The  distance  sailed  by  the  log,  is  221  miles,  the  measured  length  of 
a  knot  is  41  feet,  and  the  glass  runs  33  seconds,  required  the  true 
distance. 

Diftanoe  sailed  bj  the  log 221  miles 

Measured  length  of  knot  .....       41 

Seconds  nin  by  the  glass  %Z  x  16  .528  )  90610  (  171  '6  t^  dist. 

2.  The  distance  sailed  by  the  log  184  miles,  the  measured  length 
of  a  knot  is  45  feet,  the  glass  running  34  seconds  ;  what  is  the  true 
distance  ? 

Distance  ran  by  the  log    184  miles 

Measured  length  of  Ipiot    45 

Seconds  nm  by  the  glass  34  x  16 » 544  )  82800  (  152  *2  tme  dist. 

9 


*  Tho99  f  ho  ^e  the  knot  of  any  other  length,  must  divide  by  that  measure  acoordinglr. 
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PLANE      SAILING. 

In  Plane  Sailing,  the  earth^s  surface  is  oonsidered  as  an  extended  plane, 
the  meridians  are  coBceived  to  be  parallel  straight  lines,  the  parallels  of 
latitude  to  be  Unes  cutting  the  meridians  at  right  angles,  and  the  length 
of  a  degree  on  the  meridian,  and  in  the  parallels  of  latitude,  to  be  every 
where  equal  to  that  of  a  degree  on  the  equator.  This  sailing  involves 
the  four  following  things, — course,  distance,  difference  of  latitude,  and 
dqMwiure. 

The  course,  is  the  angle  the  ship's  track  makes  with  the  meridian,  it  is 
expressed  either  in  points  or  degrees ;  thus,  the  course  of  a  ship  sailing 
in  a  direction  half  way  between  the  north  and  east,  may  be  expressed 
either  as  4  points,  or  45°. 

J%e  distimce,  is  the  number  of  miles  that  a  ship  sails,  on  a  direct  course 
between  any  two  places. 

The  difference  of  latitude,  is  the  arc  of  the  meridian  intercepted  between 
the  parallel  of  the  place  left,  and  that  of  the  place  arrived  at. 

The  departure,  is  the  distance  of  the  ship  from  the  meridian  of  the 
place  sailed  from,  reckoned  on  the  parallel  of  latitude  arrived  at. 

If  a  ship^s  course  be  due  north  or  due  south,  she  sails  on  a  meridian, 
and  therefore  makes  no  departure ;  hence  the  distance  run  will  be  equal 
to  the  difference  of  latitude. 

If  her  course  be  due  east  or  due  west,  she  sails  either  on  the  equator, 
or  on  some  parallel  of  latitude,  and  consequently  makes  no  difference  of 
latitude ;  and  the  distance  run  will  therefore  be  equai  to  the  departure. 

But  if  her  course  be  neither  due  north  or  south,  nor  due  east  or  westi 
it  must  be  toward  some  intermediate  point  of  the  horizon,  she  will> 
consequently,  make  both  difference  of  latitude  and  departure;  and  the 
track  she  describes,  will  become  the  hypothenuse  of  a  right-angled 
triangle,  of  which  the  difference  of  latitude  and  departure  are  the  legs. 
Thus  in  the  annexed  figure : — 

Let  NEsw  represent  the  horizon  of  the  place  c, 
from  which  the  ship  sails,  ca  the  point  of  the  com- 
pass nhe  sails  on,  and  a  the  place  arrived  at ;  then 
WE  represents  the  parallel  of  latitude  left,  and  a  a  the 
parallel  of  latitude  in.  Now  it  is  obvious,  that  in 
whatever  quarter  of  the  compass  the  ship  sails,  bc 
becomes  the  difference  of  latitude,  ab  the  departure, 
and  CA  the  distance  run  ;  and  that  these  three  in 
every  case  form  a  right-angled  triangle. 

Hence  it  follows  that  Plane  Sailing,  in  Navigation,  is  nothing  more 

9 
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than  the  praetiee  of  right-angled  plane  trigonometry ;  calling  the  hypo- 
thenuse  the  distance  sailed,  the  perpendicular  the  difference  of  latUude, 
the  base  the  departure^  and  the  angle  opposite  the  base,  the  cowrie. 

When  the  course  is  4  points,  or  45  degrees,  the  difiperence  of  latitude 
and  departure  are  equal. 

When  the  course  is  Use  than  4  points,  or  45  degrees,  the  difference 
of  latitude  exceeds  the  departure ;  but  when  it  is  more  than  4  points^  or 
45  degrees,  the  departure  exceeds  the  difference  of  latitude. 

Case  I. 

The  course  and  distance  given,  to  find  the  difference  of  UxUtvde 

and  departure* 

Example, 

A  ship  from  latitude  20""  32'N.  sails  N.W.  by  N.  768  miles ;  required 
the  latitude  in,  and  departure  made  good. 

By  Inspection. 

Enter  Table  1,  with  the  course,  3  Points,  at  the  top,  then  (the  given 
distance  exceeding  the  limits  of  the  Table,)  take  out,  first,  the  diffenence 
of  latitude  and  departure,  found  in  their  respective  columns,  correspond- 
ing to  300  miles  in  the  distance  eolumn,  these  being  multipUed  by  2, 
wm  give  the  difference  of  latitude  and  departure,  answe;ing  to  a  distance 
of  600  miles.  To .  these  products,  add  the  difference  of  latitude  and 
departure,  opposite  to  168  m  the  distance  column,  for  the  whole  diffe- 
rence of  latitude  and  departure  required.^i^ 

The  operation  will  then  stand  as  follows : 

Cott.N.W.bN.=3  pts.T       by     /Diff.  lat.249-4  x  2  4-  1397  =  638-5m 
Distance  -    768  miles  J  Table  l.\Departure  1667  x2-f  93-3=426m. 


By  Calculation. 


To  find  the  diff.  lat. 


At  rad 0  *00000 

:    dist.  76Sm 2*88536 

:;  coi.cou.3pU •  9-91986 

:    diff.  Ut.  638 '6in 2-80S21 


To  find  the  departure. 

Airad 0-00000 

:    dut.  768m 2-88536 

::  un.  con.  3  pts 9*74474 


dep.  426  *7m 2*63010 


*  TIm  Explanation  to  Tablet  I  and  2    being  tufficiently  explicit,  partiealar  directions  for 

retolving  the  Tariont  catet  by  tbit  method,  will  in  future  be  omitted  at  nnnecettary ;  and  the 

operation  only  will  be  retained.     In  working  by  Intpectioa  (the  only  method  generally  used 

atiea,)  it  will  be  found  a  convenient  practice  to  unite  U>e  ghtn  partt  together  by  a  brace, 

and  alto  the  requirtd  partt  by  another  brace,  in  the  manner  thewn  aboTe. 
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To  find  tlie  latitude  in. 

Latitude  left 20*  32'N. 

Diff.  oflat.  638'6m.  -      »     10    39  N. 


Lit.  in    ...    31     11  N. 


By  Oonstructian. 

Draw  A  N  indefinite, 
make  Z  a  {Z  ofcoiine)=3'point8, 
draw  AB  (distance) =768, 
draw  BN  perp.  to  an, 

then  will 
AN  the  difference  of  latitude = 639m.  nearly;  and 
BN  the  departure=:427m.  nearly. 


Case  IL 

m 

The  cawrse  and  difference  of  latitude  given,  to  find  the  distance  and 

departure* 

Exanyple. 

A  ship  fipom  latitude  45"  25'  N.  sails  N.W.liW.iW.  until  she  arrives  in 
latitude  46*  55'  N. ;  required  the  distance  run,  aad  departui^  made 
good.* 

To  find  ihe  difference  of  latitude. 

Laiitiide  left 45""  25'N. 

Latitude  in       46    55  N. 


of  kthade 


1    30 


90  m. 


By  Inspection, 

Cou.  N.W.bW.i  W.=5i  pta.l      by      fDistance  191  m. 
Difference  of  latitude  90  m.  J  Table  1  (^Departure  168*5  m. 

By  Calculation. 
To  find  the  distance.  To  find  the  departure. 


Am  eot.eoii.  5ipfei.  oo.ar 0  '32661 

:    4iir.lat.  90m 1-95424 

10-00000 


:    dist  190m • 2-28085 


As  oof. con. 5iptf. oo.ar.  .  0-32661 

:    diff.lat.  90  m 1*96424 

::  Bin.  con.  5ipta 9*94543 

:    dep.  168  '4m........  2  -22628 
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By  Construction. 

Draw  AN  (diff.  of  lat.)  =  90, 
on  N  draw  bn  indefinite,  perp.  to  an^ 
make  the  ^  a  (^^  of  course) =5^  points, 
draw  AB,  cutting  bn  in  b, 

then  will 
AB,  the  distance,  =  191  m.j  and 
bn,  the  departure,  =  168 '4  m. 


Case  III. 
7%«  course  and  departure  given,  to  find  the  distance  and  latitude  in. 

Example, 

A  ship  from  latitude  52*'N.  sails  S.E.bl.  i  E.  until  she  makes  her 
parture  254  m. ;  required  the  distance  run,  and  latitude  in. 

By  Inspection. 

Cou.  S.E.bE.iE.=5i  Pts."^        by       /Distance    288  m. 
Departure     -     -     254  m.  J    Table  1.  \DiS.  of  lat  135*8  m- 

J3y  Calculation. 
To  find  the  distance*  To  find  the  diff.  lat. 

As  tin.  cou.  5i  pti.  (co.  ar.)    0  '05457  As  sin.  cou.  5|  pts.  co.ar.  ...     0  '05457 

:    dep.  254m 2.40483  :    dep.  254m 2'4048S 

::  rad 10*00000  ::  COS.  cou.  5i  pts.. 9*67339 

:    dut.  288m 2-46940  :    diff.  Ut.  135  •8m 2*13279 


To  find  the  latitude  in. 

Latitude  left 52°      O'N. 

Diff.  lat.       135 -Sm 2       16  S. 


Latitude  in 49      44  K. 


By  Construction 

Draw  AS  indefinite, 
make  the  ^  sab  (Z  of  course)  =5^  points, 
draw  the  line  ab  indefinite, 
draw  MX>  perp.  to  as = departure,  254, 
from  D  draw  db,  parallel  to  as,  and  cutting  ab  in  B, 
through  B  draw  bs,  parallel  to  ad, 

then  will, 
AB  the  distance = 288m. ;  and 
AS  the  diff.  of  lat.=135*8m. 
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Cass  IV. 
TheAUmceoMdiiffenmee  of  UOiimie  gmen^io  fcmi  the  eomne  and 


A  ship  from  kt.  57"*  20'  N.  sails  98  m.  between  the  N.  and  S.  and  finds 
she  has  made  82  miles  diffierence  of  latitode;  required  her  course  steered 
and  dqiarture  made  good. 

By  Ini^fectum. 

Distance  98  m.\       by        fCou.  N.  33'>  B.  or,  N.E.bN.  nearlv 
Biff.  lat.  82  m.  J   Table  2.    (^Departuie    53-4m. 

By  Caladaiiam. 
To  find  the  eourse.  To  find  the  departure* 

Ai  dhL  98  co.ar. S-00877  At  nd 0-00000 

:    nd. 10-00000  i    dial.  98 1-99123 

::  aiS:]ai.82m 1*91381  ::  an.  coo.  33<»  12' 9*73843 


:    oos.coii.33«  12^^ 9-9^258  :    dep.  53*66 1*72966 


By  Constmeium. 

Draw  AN  (diff.  of  lat.) = 82m, 
through  N  draw  K  By  indefinite,  perp  to  an, 
with  ^e  distance  98  in  the  compasses,  and  one  foot  in  a, 
cat  the  line  nb  in  b, 
draw  the  line  ab, 

then  will 
Z  nab,  the  Z  of  coar8e=33^  12' ;  and 
nb  the  departure =53**  7' 


Casi  V. 

The  distance  and  departure  given,  to  find  the  cottrse,  and  difference 

of  latitude, 

Bxangfle. 

A  ship  from  latitude  38^  20'S.  sails  between  the  S.  and  W.  540  miles, 
until  she  makes  her  departure  384  miles;  required  her  course  steered, 
and  latitude  in. 

By  Inspection, 

Dist.  540h-10=:54     \       by       /Course,  S.  45  W.  or  S.W 
Dcp.  384-^-10= 38-4  J    Table  2   \Diff.  lat.  38-2  x  10=382m. 
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By  Calculation. 


To  find  the  course. 


To  find  the  diff.  lat. 


Am  dut.  540  goju. i  '26761 

:    rad 10  '00000 

::  d4>.384 2*58433 


Jksnd. 0-00000 

:    di8t.540m 2*73239 

::  COS.  45**  20' 9-84694 


:    on  oou.45»20' 9-85194 


::  diff. lat  379 '6 2-57933 


To  find  the  latitndb  m. 

Latitude  left 38''    20'S. 

Diff.  Ut  379 -6m »       6      20  S. 


Latitadein 44      40  S. 


By  Construction, 

Draw  the  line  ab  indefinite,  d^ 

from  A,  piei:^  to  aa,  draw  ad=£384^  the  departure 
draw  DB  indefinite,  parallel  to  as, 
with  the  distance  540  in  the  compasses^  aad  one 

foot  ill  A,  out  the  line  db,  in  b. 
draw  the  Tme  ba, 
draw  BS  parallel  to  ad, 

then  will 
Z  BAS,  the  Z  of  course=45«  20';  and  b 

AS,  the  diff.  of  lat. =379-6. 


, I 


Casb  VI. 

T%e  difference  of  latitude  and  departure  given,  to  find  ike  course  and 

distance. 

■ 

Etxamplem 

A  ship  from  44^  SO'N.  sails  between  the  Sc  and  E.  until  her  departure 
is  64  m.  and  then,  by  observation,  is  found  to  be  in  latitude  42*"  55'N.; 
required  her  course  steered,  and  distance  run. 

To  find  the  diffei^noe  of  latitude. 

Latitadeleft 44^    60'N. 

Latitadein 42      55  N. 

oflititade.  ....       1      55  -»  115a. 


By  Inspection. 

Biff.  lat.    115m.\       by        fCourse  S.  29  E.  or  about  S.S.E.iE. 
Departure  64m.  J  Table  2.  \Bistance  132m. 
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By  Cakulaiiam. 
To  find  the  ooone.  To  find  the  diitanee 


Ai  diff.  lat,  115m.  co,ar. ...     7  *93930 

:    nid 10-00000 

::  dtp.  64m 1-80618 


;.  eon.  29^*6' 9-74S48 


Asnd 0-00000 

:    diff.  lat.  115m 2-06070 

ocm.29^6' 10-05860 


131 


2-11930 


By  CamtmcHfrn. 

Draw  AS  (diff.  of  lat,)  =b  115, 
on  8,  perp.  to  as,  draw  B8=64,  the  departure, 
join  AB, 

then  will 
2BA8,the  Z  ofe(miies29*  &;  and 
AB,  the  diftancf  ^I31-6nu 


BixamfUifir  Bxertme* 

1.— A  ship  from  latitnde  54*  4'N.  aaik  S.W.bvW.  297id.;  required  her 
latitude  in,  and  departure  made  good* 

Answer. — ^Latitude  in,  51*"  19'N.  departure,  246*9m. 

2.  A  ship  from  latitude  17^  25'N.  sails  N.EyjE.  until  her  difference 
of  latitude  pecomes  420m.;  required  her  distance  run,  and  departure 
made  good. 

Answer. — ^Distance  662m.  departure,  511'8m. 

3.  A  ship  from  ktitude  52*N.  sails  8.B.  hi  E.^E.  until  she  has  made 
245m.  of  departure ;  required  her  distance  run  and  latitude  in. 

Answer. — Dbtanoe,  277*8in.  latitude  in,  49®  49'N. 

4.  A  ship  fit>m  latitude  37*  3'N.  sails  between  the  S.  and  W.  480m. 
until  her  ^fference  of  latitude  is  384m.:  required  her  course  steered, 
and  departure  made  good. 

Answer. — Course  S.  36''  52'W.  departure  288m. 

5.  A  ship  from  latitude  32®  35'N.  sails  488m.  between  the  N.  and 
W.  until  her  departure  is  405m.;  what  course  has  she  steered,  and  what 
latitude  is  she  in  7 

Answer.— Course  N.  56«W.  latitude  in,  37®  7'N. 

6.  A  ship  from  latitude  34®  29'3.  sails  south-westward,  till  she  arrives 
in  latitude  36""  34'S.  and  has  made  75m.  departure;  required  the  course 
steered,  and  tlistance  run. 

Answer. — Her  course  is  S.  30**  58' W.  and  the  distance  145'8m 
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ATnAYiRSEis  an  irregular  track,  which,  fVom  contrary  winds  and 
other  causes,  a  ship  describes  during  a  day's  run,  and  being  composed  of 
several  diflFerent  courses,  it  is  named  a  coMPorND  course,  the  resolving 
which  into  a  single  course  and  distance,  technically  called  the  course  and 
distance  made  good,  is  termed  working  a  traverse^  and  constitutes  what 
is  denominated  Traverse  Sailing. 

A  traverse,  like  a  case  in  Plane  Sailing,  may  be  resolved  by  inspection, 
by  logarithmic  calculation,  and  by  geometrical  construction. 

For  the  two  first  methods,  the  diflFercnce  of  latitude  and  departure  made 
good,  must  be  found  as  follows ; — draw  out  a  table  (as  in  Example  1,)  and 
divide  it  into  six  columns,  by  vertical  lines,  these  columns  are  to  be  headed 
as  follows  : — ^the  first  column  on  the  left,  to  be  headed  Courses ;  the 
next  toward  the  right.  Distances  ;  over  the  two  following  columns  write 
DifF.  of  lat.  marking  the  first  with  an  N.  to  signify  north,  and  the 
second  with  an  S.  to  denote  south ;  over  the  two  last  columns,  write 
Departure,  putting  an  E.  over  the  first,  and  a  W.  over  the  second,  to 
indicate  east  and  west.  Begin  at  the  left,  and  write  the  courses  and 
distances  one  under  the  other,  in  their  respective  columns.  Find  the 
difference  of  latitude  and  departure  in  Table  1,  or  2,  according  as  the 
courses  are  given  in  points  or  in  degrees,  (as  in  Case  1  in  Plane  Sailings) 
and  write  them  in  their  proper  columns ;  that  is,  set  the  differecce  of 
latitude  in  the  column  marked  S,  when  the  course  is  southerly,  and  in 
the  column  N.  when  the  course  is  northerly ;  the  departure  when  westerly, 
in  the  column  W.  and  when  easterly,  in  the  column  E. ;  add  the  different 
latitudes  in  each  column,  set  the  lesser  of  the  two  sums  under  the 
greater,  and  take  their  difference ,  also  do  the  same  with  the  departures ; 
,  these  differences  are  the  difference  of  latitude  and  departure  made  good 
in  the  whole  traverse,  each  taking  the  name  of  the  column  it  stands  in. 

With  this  difference  of  latitude  and  departure,  the  course  and  distance 
made  good  are  to  be  found  by  inspection,  or  by  calculation,  as  in 
Case  6,  of  Plane  Sailing. 

To  resolve  a  Traverse  by  geometrical  construction,  proceed  as  follows; 
with  the  chord  60*  describe  a  circle,  and  draw  the  meridian,  or  north 
and  south  line.  Lay  off,  on  the  circumference  of  the  circle,  the  various 
courses  sailed,  numbering  them  1, 2,  3,  &c.  in  their  regular  order.  Upon 
the  first  course  set  off  the  first  distance,  marking  its  termination;  froili  this 
point,  and  parallel  to  the  second  course,  draw  the  second  distance  run,  of 
its  proper  length,  marking  its  termination  as  before;  from  this  point,  and 
parallelto  the  third  course,  draw  the  third  distance,determining  its  length 
and  marking  its  extremity,  and  thus  proceed  till  all  the  c.:^urses  are 
drawn.  Produce  the  meridian  as  far  as  is  requisite,  and  draw  a  hne 
from  the  termination  of  the  last  distance,  perpendicular  to  the  meridian; 
which  line  will  represent  the  departiure  made  good;  a  line  drawn  from 
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tlie  same  point  to  the  centre  of  the  circle,  will^  in  like  manner,  represent 
the  distance  made  good  ;  the  difference  of  latitude  made  good,  is  repre- 
sented by  the  part  of  the  meridian  intercepted  between  the  centre  of  the 
circle  and  the  intersection  of  the  meridian  by  the  departure.  The  course 
made  good,  is  the  angle  formed  by  the  line  indicating  the  distance  with 
the  meridian. 

Example. 

A  ship  from  the  Lizard,  in  latitude  49©  58'  N.  sails  S.S.W.  54  m. 
W.  byS.  a9m.  N.W.  by  N.  40m.  N.K.  by  £.  69m.  N.N.W.  60m. 
Required  her  direct  course,  and  distance  made  good,  and  her  lati- 
tude in. 

Proceeding  according  to  the  above  directions,  the  differeuce  of  latitude 
and  the  departure  made  upon  each  course,  and  also  the  total  difference 
of  latitude  and  departure  made  good,  will  stand  as  in  the  annexed 
Table. 


Then,— 


TRAVERSE   TABLE, 


To  find  the  Latitude  in. 

Lat.  of  the  Lizard 49»    58'N. 

Diff.  of  lat.  69  '5m »       1       10  N. 


Latitadein 51 


8  N. 


Courses, 

Dut. 

Dif. 

Lat. 

Departure.        \ 

N.      1 

S. 

£. 

W. 

S.S.W. 

54 

...  a 

49-9 

•  •       • 

20-7 

Wb  S. 

39 

.... 

7-6 

•  «  «   ■ 

38-3 

N.W.  b  N. 

40 

33-3 

•  •  • . 

•  •  •  • 

22-2 

N.E   bE. 

69 

38-3 

.... 

57-4 

.... 

N.N.W. 

60 

55-4 

.... 

.... 

23-0 

127  0 

57-5 

57-4 

104-2 

Lat.<. 

57-5 

« 

« 

Dep.  . 

57-4   . 

Diff. 

69-5 

46  8 

To  find  the  course,  and  distance  made  gcod. 

By  Inspection. 

Diff.  lat.  69-5m.  "\       by         J  Course  N.  34  W.  or  N.W.bN. 
Departttre46-8m.J    Table  2.    (  Distance,  84m. 
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By  Calculation. 
To  find  tLe  course.  To  find  the  distance. 

Asdifr.lat.69-5co.ar.  ...     815801               As  red 0-00000 

.    rad 10-00000                :    diff.  lat.  69 -Sm 1-84199 

:':  dep.46-8m 1-67025      ::  sec.  cou.  33*  57' 10-08117 

:    tang,  course 34^  57' . . .     9  -82826               :    dist.  83  -78111 I  -92316 


^    Dep  4.6.7 


By  Construction. 

Draw  the  circle  nesw,  with 
the  meridian  lines  ns,  and  the 
east  and  west  line  ew,  cross- 
ing the  former  at  right  angles; 
then,  according  to  the  fore- 
going directions  for  resolving 
a  Traverse  by  Construction, 
proceed  to  dot  in  the  several 
rhumbs,  or  points  of  the  com- 
pass sailed  upon,  numbering 
them  according  to  the  order 
of  the  courses;  then  lay  off 
the  distance  run  upon  each 
course  as  above,  beginning  d 
with  the  first  course,  and  con- 
tinning  to  the  last,  and  the  ^. 
compound  track  described  by 
the  ship  will  be  as  shown  in 
the  annexed  figure ;  the  first 
course  being  from  c  to  a,  the 

second  from  a  to  ft,  the  third  from  h  to  d,  the  fourth  from  d  to  «,  and  the 
fifth  from  cto/,  which  point  is  the  place  of  the  ship  at  the  end  of  the 
traverse. 

Produce  the  meridian  sn  indefinitely,  towards  g, 
AiK^  f  g  perpendicular  to  cg^  and 

join  /  c, 

then  will 
/.fcgytii^  Z  of  course  made  goo^^33*  57' 
J  Cj  ihe  mstance  made  good =83^  78m. 
g  c,  the  difference  of  latitude =69'5m. 
fg,  the  departure =46-8m. 

Examples  for  Exercise. 

1.  A  ship  from  latitude  52*  17'S.  sails  W.N.W.  I7m.  W.  i  S.  25m. 
S.S.W.  32m.  S.W.  f  S.  64  m.  N.W.b.N.  i6  m.  and  N.N.W.  30m. ; 
required  her  course,  and  distance  made  good,  and  her  present  latitude. 

Answer.— Course,  S.  77°  5VW.  or  W.b.S.  distance,  122-1  m.  latitude 
in.  52'  43'S. 
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2.  A  ship  in  latitude  69»  26'N.  sails  N.N.E.  38m.  E.  48m.  E.S.E. 
72m.  S.E.bE.  58m.  S.S.W.  50m.  and  S.W.  64m.;  required  her 
coarse,  and  distance  made  good,  and  her  latitude  in. 

Answer. — Coarse,  S.  44*^  9'E.  or  S.E.     distance,  161*9  m. 

latitude  in,  6?*  30' N. 

3.  A  ship  from  latitude  36"  22'N.  sails  as  follows,  S.S.W.  50m.  S.bW. 
4W.  69m.  N.E.b.E.  25m.  W.b.S.  7lm.  S.W.bW.  85iil.i  required  her 
latitude  in,  and  her  course,  and  distance  made  good. 

Answer. — Latitude  in,  33°  43'N.     course,  S.  44''  51'  or  S.W. 

distance,  224*8m. 


PARALLEL   SAILING. 


In  the  preceding  problems  the  meridians  have  been  considered  as  so 
many  parallel  lines,  and  consequently,  a  degree  on  any  parallel  of  latitude 
equal  in  length  to  a  degree  on  the  equator;  and  since  the  rhumb  on 
which  a  ship  sails,  cuts  all  the  meridians  at  equal  angles,  the  conclusions 
thus  obtained  are  correct  so  far  as  course,  distance,  difference  of  latitude 
and  departure  only  are  concerned :  but  in  all  problems  involving  the 
consideration  of  longitude^  it  will  be  necessary  to  advert  to  the  spherical 
form  of  the  earth ;  such  problems  constitute  what  are  called  Globular 
Sailings. 

Paballel  Sailing  is  the  method  of  finding  the  distance  between 
two  places  situated  on  the  same  parallel  of  latitude,  their  difference  of 
longitude  known;  or  of  finding  the  difference  of  longitude,  corresponding 
to  the  meridional  distance,  when  a  ship  sails  due  east  or  west. 

As  a  thorough  knowledge  of  the  principles  upon  which  Parallel 
Sailing  is  founded,  will  greatly  assist  the  student  in  acquiring  correct 
notions  of  the  principles  of  Globular  Sailings  in  general,  we  shall  illus- 
trate the  subject  by  a  figure. 

Let  c  be  the  centre  of  the  sphere,  p 
the  pole,  P  a  i«c,  v  b  d,  Tg  e,  and  p/  e, 
be  arcs  of  meridians ;  also  let  a  b  repre- 
sent a  distance  run  on  the  parallel  abgf^ 
and  w  d,  the  corresponding  difference  of 
longitude  on  the  equator,  wdeB. 

In  the  plane  of  the  parallel  a  b  gf^ 
draw  ae,  be  meeting  r  c,  the  semi-axis, 
of  the  sphere  in  c,  and  in  the  plane  of  the  equator  w  d  e  b,  draw  w  c, 
d c,  meeting  the  centre  of  the  sphere  in p^hen  the  Zac  b^is  equal  to 
the  Z  w  c  d,  therefore  the  arcs  a  b,  w  ^  are  similar. 
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•  Now  the  circumference  of  circles^  and  similar  arcs  of  circles^  are  ia 
direct  proportion  to  each  other,  respectively  as  their  radii,  hence  it  fol- 
lows, that  the  circumference  of  the  parallel  a  b  gf,  is  to  the  circumference 
of  the  equator,  w  ^f  e  e,  as  a  c  is  to  w  c,  and  also  that  the  arc  a  b,  is  in 
the  same  proportion  to  the  similar  arc  w  d. 

But  w  £?  is  the  latitude  of  the  place  a,  or  parallel  affbf,  and  a  x  is  the 
sine  of  the  arc  w  a,  and  a  c  is  the  sine  of  the  arc  a  p,  and  consequently  it 
is  the  CO -sine  of  t'he  arc  a  w,  that  is,  it  is  the  co-sine  of  the  latitude,  and 
w  c  is  the  radius  of  the  sphere. 

Hence  it  follows,  that  in  sailing  upon  any  parallel  of  latitude,  or 
directly  east  or  west ; 

rad.  (w  c)  :  diff.  long,  {w  d)  :  :  cos.  lat.  (a  c)  :  mer.  dist.  (a  b) 
or.  COS.  lat.  {a  c)  :  mer.  dist.  (a  J)  :  :  rad.  (w  c)  :  diflF.  long,  (w  d) 
or,  diff.  long,    (w  d)    :    rad»  (w  c)  :  :  mer.  dist.  {a  b)  :  cos.  lat.  {a  c) 

also, 
co<;.  any  lat.  :  mer.  dist.  in  that  lat.  :  :  cos,  any  other  lat.  :  mer.dist. 
in  that  other  lat. 

Hence  it  follows,  that  if  the  base  of  a  right-angled  plane  triangle  re- 
present the  meridian  distance,  on  a  parallel  whose  latitude  is  the  measure 
of  the  acute  angle  at  the  base  of  the  triangle,  and  consequently  whose 
co-latitude  is  the  angle  opposite  to  the  base,  the  hypothcnuse  will  repre- 
sent the  distance  of  the  meridians  at  the  equator,  or  their  difference  of 
longitude  ;  any  two  of  which  parts  being  given,  the  other  may  be  fouad 
by  the  above  analogies. 

Case  I. 

Given  the  difference  of  longitude  between  two  places,  both  on  the  same 
parallel  of  latitude,  to  find  their  distance. 

Example. 

A  ship  in  latitude  52''  N.  and  longitude  10''  W.  sailed  due  E.  till  she 
arrived  in  longitude  1°  53'  W. ;  required  her  distance  run. 

To  find  the  difference  of  longitude. 

Ljngitudcleft     -     -     -     10*    O'W. 
Longitude  in      •     -     .       1     53  W. 

Difference  of  longitude      8       7W.*s487ni.         J 


Bt/  Inspection. 

In  solving  the  several  cases  of  Parallel  Sailing  by  Inspection ;  if  the 
complement  of  the  latitude  be  taken  as  a  course,  in  Table  2,  the  difference 
of  longitude  will  stand  in  a  distance  column,  and  the  distance  run  in  a 
departure  column ;  but  if  the  latitude  be  found  as  a  course,  the  difference 
of  longitude  will  stand  in  a  distance  column,  and  the  distance  run  in  a 
latitude  column.     We  shall  adopt  the  former  method. 
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Latitade    - 
Co-Iatitnde 


90«    0' 
52      0 


-     -    38 


Co-latitude  38*  0'  1      by     1  ^. 

Diff.long.487^2  =  243-5/  Table  2  J  ^*«^-  ^'  <Jep.l49-6  + 1502  =  299-8 

Bt/  Calculation. 

Am  rad 0  '00000 

:  diff.  long.  487m 2  -68753 

::co8.  lat.  52"* 9'78934 


:  dist.  or  dep.  299  *8m.  • .     2  -47687 


By  Construction. 

Draw  AC  indefinite^ 
make  Z  bac=52*'  the  latitude, 
draw  AB=487  difference  of  longitude, 
from  B  draw  the  perp.  bc,  cutting  ac  in  c, 

then  will 
AC=299'8m.  the  distance  or  departure. 


Case  II. 

Crwen  the  distance  between  two  places,  both  on  the  same  parallel  of  latitude,    . 
to  find  the  difference  of  longitude  between  them. 

Exan^le: 

A  ship  from  a  port  in  latitude  25^40'N.   and  longitude  12^  30'E* 
Bailed  due  W.  210m.;  required  the  longitude  come  to. 

By  Inspection. 

90*— 25*  40  =64    20'  the  co.  lat. 

Co.  lat.  64**  20'     "1       by      /Taken  between  64"*  and  65"* 
Distance,  210  m.  j  Table  2.  (^Difference  of  longitude,  233  m. 

By  Calculation, 
To  find  the  diff.  long.  To  find  the  longitude  in. 

As  cog.  bt  25«40r  co  ar.    .     0  04512  longitude  left    12*'  30'  E. 

:   dittaiice210m 2*32222  diff.  of  long.  233m  ....  «  3    53  W. 

::  rad 10-00000  i 

■  longitude  in 8    37  R. 


:   diff. long. 233m 236734 
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By  Construction, 

Draw  AB,  distance  or  departure = 2 lOm. 
make  A  a  =  25°  40' the  latitude, 
draw  AC  indefioite, 
on  B  erect  the  perp.  bc,  cutting  ac  in  c, 

then  will 
AC  =  233  m. 

Case  III. 


Given  the  difference  of  longitude^  and  the  distance  bettpeen  two  places  in 
the  same  parallel  of  latitude,  to  find  the  latitude  of  that  paralleL 

Example.  A  ship  sailed  due  W.  312m.  and  found,  by  observation^  she 
had  changed  her  longitude  563m, ;  required  the  parallel  of  latitude. 


By  Inspection, 

iff.  long.  563-*-2r=  281-5  "l       by      /Co.  lat.  34°,  consequently 
ist.  or  dep.  312-T-2  =  156  J  Table  2,  \        latitude  56* 


Diff 
Dist 


the 


By  Calculation, 
To  find  the  parallel  of  latitude  sailed  on, 

As  difference  of  longitude^  563m.  co.  ar.     -    -     -     7  '24949 


rad. 
::  distance.  312  m. 

:  COS.  lat.  66**  21' 


10  00000 
2-49416 


9-74365 


By  Construction, 

Draw  AB,  distance  or  departure =3 12, 
on  B  erect  the  perp.  bc  indefinite, 
with  diff.  long.  563,  in  the  compasses,  and 
centre  a,  cut  the  line  bc,  in  c, 
draw  AC, 

then  will 
Z  CAB  =  56°  21' the  latitude  required. 


A12. 


Examples  for  Exercise. 


1.  It  is  required  to  find  the  number  of  miles  contained  in  a  degree  of 
longitude  in  any  parallel  of  latitude. 

llie  answer  to  this  example  is  contained  in  the  following  Tabic. 
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This  Table  shews  how  many  Miles  answer  to  a  degree  of  Longitude, 

at  every  degree  of  Latitude, 


J 


DM    MUe$,  ID.L. 


I 
2 
3 

4 
5 
6 


7 

8 

9 

10 

11 

12 


59  99 
59.96 
59*92 
59-86 
59-77 
59-67 


13 
14 
15 
16 
17 
18 


59-56 
59-42 
59-26 
59-08 
58*89 
58-68 


19 
20 
21 
22 

23 
24 


Milet. 


58-46 
58-22 
57-95 
57-67 
57-37 
57-06 


25 
26 
27 
28 
29 
30 


56-73 
56-38 
56-01 
55-63 
55*23 
54-81 


D.L, 


MiUs, 


31 
32 
33 
34 
35 
36 


54-38 

53. 93' 

53-46 

52-97 

52.47 

51-96 


37 
38 
39 
40 
41 
42 


47-92 
47-28 
46-62 
45-95 
45-28 
44-59 


43 
44 
45 
46 
47 
48 


51-43 
50-88 
50-32 
49*74 
49  15 
48-54 


49 
50 
51 
52 
53 
54 


43.88 
43-16 
42.43 
41-68 
40-92 
40-15 


D,L, 


MUet, 


55 
56 
57 
58 
59 
60 


34-41 
33-55 
32-68 
31-79 
30-90 
30-00 


39*36 
38-57 
37-76 
36-94 
36-11 
35-26 


61 
62 
63 
64 
65 
66 


29-09 
28*17 
27-24 
26-30 
25  -36 
24-41 


D,L, 


73 
74 
75 
76 

77 
78 


67 
68 
69 
70 
71 
72 


23*45 
22*48 
21*50 
20-52 
19.54 
18*55 


79 
80 
81 
82 
83 
84 


Milei, 


17*54 
16*53 
15*52 
14-51 
13*50 
12*48 


85 
86 
87 
88 
89 
90 


11-45 
10-42 
9-38 
8*35 
7-32 
6*28 


5*23 
4-18 
3-14 
2-09 
1-05 
0-00 


2.  A  ship  in  latitude  39**  58'  N.  longitude  30''  10'  W.  sails  due  west 
till  she  arrives  in  longitude  34®  5' W ;  required  her  distance  run. 

Answer.  180*1  m. 

3.  A  ship  from  a  port  in  latitude  33**  30'  N.  longitude  22*  18'  W. 
sailed  due  west  240  m. ;  required  her  longitude  in. 

Answer.— 27*"  6'  W. 

4.  A  ship  from  a  port  in  latitude  56^N.  sailed  due  north  220  m.  then 
due  west  220m.  and  lastly  due  south  220m. ;  required  her  distance  from 
the  port  left. 

Answer. — 243*6  m. 
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NAVIGATION. 


MIDDLE   LATITUDE    SAILING. 

As  parallel  sailing  shows  the  method  of  converting  departure  into 
difference  of  longitude^  and  the  difference  of  longitude  into  departure} 
when  the  ship's  course  is  parallel  to  the  equator ;  so  Middle  Latitude 
Sailing  is  the  method  of  reciprocating  the  same  elements,  where  she  sails 
in  an  obhque  rhumb  ;  that  is,  when  she  not  only  makes  departure^  but 
difference  of  latitude  also ;  and  since  Middle  Latitude  Sailing  is  com- 
pounded of  Plane  and  Parallel  Sailing,  we  shall  endeavour  to  explain  the 
principles  of  the  first,  by  very  briefly  comparing  the  results  deduced  from 
each  of  the  other  sailings,  separately  considered,  with  their  combined 
effects  in  determining  the  relation  between  the  ship's  change  of  place, 
and  her  difference  of  longitude,  in  the  sailing  now  under  consideration. 

It  has  been  shown,  that  by  Plane  Sailing  the  course,  distance,  diffe* 
rence  of  latitude,  and  departure,  may  be  accurately  determined;  and  it 
has  also  been  seen,  that  by  Parallel  Sailing  the  distance  sailed  on  a 

f)arallel,  the  latitude  of  the  parallel,  and  the  corresponding  difference  of 
ongitude,  may  be  deduced  from  each  other. 

Now  in  Middle  Latitude  Sailing,  the  departure  being  computed  by 
Plane  Sailing,  and  then  considered  as  a  meridional  distance  in  the  middle 
parallel,  between  the  latitude  sailed  from,  and  that  arrived  at,  the  dif- 
ference of  longitude  is  thence  computed  as  in  parallel  Sailing. 

The  annexed  figure  affords  a  general  illustration 
of  the  principles  here  laid  down,'  and  on  which  the 
solutions  of  the  several  cases  in  Middle  Latitude 
Sailing  depend. 

Let  the  triangle  abo,  be  a  figure  in  Plane 
Sailing,  in  which  ao  represents  the  distance,  ab, 
the  difference  of  latitude,  bo  the  departure,  and 
the  angle  a,  the  course ;  also. 

Let  DBO  be  a  figure  in  Parallel  SaiUng,  in  which 
DC  represents  the  difference  of  longitude,  bo  the 
meridional  distance,  and  the  angle  c,  the  middle 
latitude.  Hence  the  geometrical  construction  of 
a  case  in  Middle  Latitude  Sailing,  comprehends 
two  connected  right-angled  plane  triangles,  in 
which  the  departure,  or  meridional  distance,  (bc) 
is  a  side  common  to  both. 

Now  in  any  case  whatever  of  Middle  Latitude  Sailing,  it  will  always 
happen,  that  at  least  two  terms  in  one  of  these  triangles,  and  one  in  the 
other  arc  given,  to  find  the  terms  required ;  which  required  terms,  being 
found  by  the  analogies  for  right-angled  plane  Trigonometry,  for  that 
triangle  which  has  two  terms  given,  the  unknown  parts  in  the  other 
triangle  may  bo  readily  determined. 
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This  method  of  deducing  the'  difieresce  of  longitude,  though  not  quite 
sccnnte,  on  aceoont  of  the  departure  not  being  strictly  equal  to  tlie  mm- 
dioual  distuice  in  the  middle  parallel,  is,  neverthelesB,  BufGciently  to  for 
a  single  day's  ran,  especially  in  low  latitudes,  or  when  the  ship's  course 
is  not  more  than  two  or  three  points  from  a  parallel ;  but  in  nigh  lati- 
tades,  or  when  the  ship's  course  ia  nearer  to  the  meridiao  than  to  the 
parallel,  Mercator's  Sailing  should  always  be  preferred. 

In  oompating  tbs  di&ience  of  longitude  by  middle  latitude,  when 
great  accuracy  is  required,  this  latitude  must  be  corrected  by  the  follow* 
ing  Table,  which  is  to  be  entered  with  the  dijfermee  of  the  two  latitudes 
at  the  top,  and  the  Middle  Latitude  at  the  side,  under  the  former,  and 
opposite  to  the  latt^,  is  the  correction  in  minutes,  to  be  added  to  the 
middle  latitude,  to  obtain  the  correct  middle  latitude.  In  the  following 
Examples,  however,  this  correction  is  not  introduced ;  its  effects  on  the 
difference  of  longitude,  as  deduced  frotti  the  middle  latitude,  being,  in 
genenl,  too  msignificant  ts  be  worth  notice. 


0»UdiU»gthtcarTeatUm  inmnutea  to  be  addedio  the  Middle  Latitude, 
to  tilmn  tie  corrected  Middle  Latitude. 


Note. — ^The  middle  latitude  is  found  by  taking  half  the  sam  of  the  two 
ktitndes,  when  they  are  both  of  the  same  name,  or  half  their  difference 
when  they  are  of  contrary  pamea. 
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NAVIGATION. 


Case  1. 

Given  the  latitudes  and  longitudes  of  two  places,  to  find  the  course  and 

distance  between  them. 

Example.  A  ship  from  latitude  49*  58'  N.  and  longitude  5**  IT  W.is 
bound  to  a  port  in  latitude  33**  3'N.  and  longitude  16®  31  'W. ;  required 
her  course  and  distance. 


Lat.  left    •    49**  58'N.     - 
l4t.boimd  to  33      3  N.    - 


49«>  58' 
33      3 


Long,  left    -    -      5«  ll'W. 
Long,  bound  to  -     16    31  W. 


Diff.  of  Ut.   16    55 
60 

Sum  2)83 

Mid.Uit.41 
90 

1 
30 

Diff.  long.    - 
In  miles 

-     11    20 
60 

In  miles    -  1015 

-    680 

Co.  mid. 

lat«    -    48 

30 

By  Inspection. 

The  rule  for  Inspection  given  in  Parallel  Sailing,  equally  applies  to 
this  Sailing,  merely  observing  to  read  Middle  Latitude^  and  Co-Mid.  Lat. 
for  Latitude y  and  Co -Latitude. 

Co-mid-  lat.     -     48°  30' T         by         fTakcn  between  48»  and  49'' 
Diff.long.680-r.5  =  136mJ   Table  2.  \Dep.  101-8  x5  =  5090m; 
Diff.lat  1015-^5  =  203m.\       by        rCou,S.27*W.orS.S.W.JW.nearly 
Dep.  509-f- .5  =  101 -Sm.  J  Table  2.    L^^istance  227  x5  =  1135m. 

By  Calculation. 
To  find  the  departure.  To  find  the  course.* 


Asrad.      ------    0-00000 

:    diff.long.  680m.      -     -    2-83251 
:.-  cos.  mid.  lat.   48^30'      9-87446 


dep'  509  '3m. 


2-70697 


As  diff.  lat.  CO.  ar.    -     • 

:    rad. 

: :  dep.  509  -3  m.    -     - 

:    tan».cou.26''  39'    - 


-  6 -99353 

-  10-00000 

-  2-70697 

-  9-70050 


To  find  the  distance. 

Asrad. 0-00000 

:    diff.lat.  1015m.       -     .     3-00647 
::  sec.  cou.  26°  39'    -     -  10-04878 


dist  1136m. 


3  05525 


By  Construction. 
Draw  AD  indefinite,  representing  the  meridian  left, 
make  Z  adc=48''  30'  the  co.  mid.  lat. 
draw  DC =680,  the  diflFerence  of  longitude, 
from  c  draw  bc,  perp.  to  ad, 
make  ba  =  1015,  the  difference  of  latitude, 
draw  the  line  ac, 

then  will 
BC,  the  departure = 509*3 m. 
Z  bag  =  26®  39'  the  Z  of  course,  and 
AC,  the  distance = 1135m. 


The  Coarse  may  be  found  without  the  Departure,  by  the  following  proportion, 
Diff.  lat     :    diff.  long.   : :   cos,  mid.  lat.    .*    tang  cou. 
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Case  II. 

Gwen  the  latitude  and  longitude  left,  the  coune  gteered,  and  distance 

run,  tfkfind  the  latitude  and  bngOude, 
Example.  A  ship  from  lat.  42*  52'  N     longitade  9«   17'W.  sailed 
S.W.bS.  290  miles ;  required  the  latitude  and  longitude  come  to. 

By  Inepecticn, 
Cour8eS.W.bS.=3  pts.l        by        fDiff.  of  lat,  2411  m. 
Distance  290  m.        '    J  Table  1.  \Departure  1611 

To  find  the  latitude  in^  &c. 

Latitiideleft 42**  52'N. 

Diff.  of  kt.  241 -Im »  4       IS. 


Lst.  in 


3S    51  N. 


Sum    2 )  81     43 


Mid.  Ut.    -     -     -    -     40    51 

90 


Co.  mid.  lat.  - 


-    49 


DepSt^ier-tm.^  \    Table  2.  \  Difference  of  longitude  213m. 

'  By  Calculation. 
To  find  the  diff.  lat. 

As  nd. 0-00000 

:    dist.  290m 2*46240 

::  COS.  coa.  3pU 9-91985 


To  find  the  departure. 

Asrad 0-00000 

:    dist.  290m 2-46240 

::  sin.  ooa.  S  pts 9*74474 


diff. lat.  241  -Im 2  -38225 


dep.  161  'Im.  . 


2-20714 


To  find  the  diff.  long.* 

As  COS.  mid.  lat.40''  51'  oo.ar.  0-12123 
:  deputnie  161 -Im.  •  .  -  2 '20710 
::  rad 10  00000 


To  find  the  long.  in. 

Long,  left     -     -     -     -    9°  17'W. 
Diff.  long.  213m.   -     •'"3    33  W. 


diff.  long.  213m. 


-     .     -     2-32833 


Long,  in 


12    50  W. 


By  Construction, 
Draw  the  meridian^  ad^  indefinite^ 
make  the  Z  DAC=:the  course^  3  ptsv 
draw  AC^  the  distance = 290m. 
draw  CB^  perp.  to  ad^ 

then  will 
the  departure^  CB  =  16l'lm.;  and 
difference  of  latitude,  AB=:241*lm. 

Hence, 
The  latitude  in  is  38''  51'N.  and 
the  middle  latitude  is  40^  5 1' 

Now, 
make  Z  bcd=40^  51'  the  middle  latitude,  and 
draw  CD, 

then  will 
CD=21Sm.  the  difference  of  longitude. 

*  The  difference  of  longitade  may  also  be  found,  without  the  departure,  by  the  following 
proportion,  Cos*  mid.  lit.    :    diff.  lat  : :  tang.  cou.    :    diff.  long. 
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Cass*  III. 

Oiven  both  latitudes  aind  dqf>arturey  to  find  the  course,  distonee,  and 

dijf^erence  of  Umgitude. 
Example.  A  Bhip  from  latitude  34''  55'S.  and  loDgitade  20^  18'E. 
sailed  on  a  direct  course^  between  the  S.  and  E.  tiU  she  was  found  by  ob- 
gervation  to  be  in  latitude  40''  47'8^  ftnd  to  hare  made  4ft6  miles  of  east' 
ing ;  required  the  course  steered,  distance  run,  and  the  longitude  st 
which  the  ship  had  arrived. 

To  find  the  latitude  in. 

Latitude  left      .     .     - 
Latitude  in  •     -     -     - 

Difference  of  latitude*  - 


In  miles 


By  Inspection. 
Biff.  lat.S52-H2  =  176m.  1        by       /Cou.  S.51E.  or  S.E.iE.ncarly. 
I)ep.436-^2  =  218m  J    Table  2   \j>i&t.  2%0x2—bSOm 

Co.  mid.  lat.  52**  9'  \       by     l-n.^,  •         „^^     ^^     .-, 

Departure 436^2  =  218 m  /Table  2,/^^-  '^S'  377  x2*=.554m 

By  CalculaHon. 
To  find  the  course. 

As  diff.  lat.  352in.  oo.ar.. . .     7  '45345 

:    rad.. 10*00000 

::dep.436in 2*63949 


34»  55 'S. 
40    47  S. 

.    34" 

55.8' 

47  S. 

Sum 
Middle  latitude 

Cp.  raid.  lat.     • 

m          ^11 

5     52 
60 

2)  76 

-    37 
90 

42 
51 

352 

-    52 

9 

To  find  the 

Atrad. 0*00000 

:    diff.  lat    352m 2*54654 

::  sec.  cou.  5I«  5'   10*20191 


tang.  eou.  51®  5'  .  . . .     10  *09295 


(Aist.  560*9 2*74845 


=A^ 


To  find  the  diff.  long. 

As  COS.  mid. lat.  37^51' oo.  ar.    0*10259 

:    dep.  436m 2*63949 

::  rad 10*00000 


diff.  long.  552*  2m 


■  *  •  • 


2  -74207 


To  find  the  long.  in. 

Long.left 20*  18'E. 

IHff  long.  552m -9     12  £. 

Long,  in 29  30  £. 


By  Construction. 


Draw  the  meridian  line  ad  indefinite, 
from  A  to  B  lay  off  diff.  lat. = 352m. 
on  B,  erect  the  perp.  bc=436,  the  dep.  and 

join  AC, 
make  the  A  BcnrsS?"  51'  the  mid.  lat. 
draw  CD, 

then  will, 
Z  CBA,  the  jL  of  course =5 1^5' 
the  distance,  AC  =  560'3m ;  and 
the  diff.  of  long.  DC=:552-2m. 


*  By  taking  a  proportion  we  might  produce  a  result  something  nearer  to  that  obtained 
by  calculation ;  the  difference  is,  howerer,  too  small  to  be  of  any  Importance,  and  being 
on  the  safe  side,  giving  the  reckoning  a-head  of  the  ahip,  is  the  less  worthy  of  notice. 
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Cass  IV. 

Gwen  both  laiiiudes  and  tie  emne,  to  find  the  departure,  distance  and 

lonjfitudeuL 

Exampk.  A  ship  from  lat.  37°  25 '8.  and  loBg.  10*44'W.  tailed 
N.E.b.N^EL  to  lat.  SS""  lOS. ;  required  the  departure^  distance^  aod 
longitude  in. 

"^    To  find  the  difference  of  latitude,  &c. 

Latitude  left        -    -    -    37«  25'8 37<»  25'S. 

Lttitode  in         -     -     -    33     10  8.        33     10  S. 


DUr.  lat. 


4     16 

60 


In  miles   -    -    2S5 


Sam    2)70 

id.lat«    -    35 
90 

35 
17 

-     .     .    54 

43 

Co.  mid.  lat. 


By  Inspection. 

Con.N.E.b  N.iE.=sSJ  pts.  \      bv     /Di8t.l65  x  2==330m. 

Diff.  lat.255H-2=l27-5m.  J  Table  l.\Dep.  1047  x2=209-4m. 
Co.  mid.  lat- 54*  43' I       by         rTNir  i     «   oc/s 
Departure  209-4m.    j  Table  2.  |I>^- »<>«»•  256m. 

By  Calculation. 

To  find  the  departure. 

Aa  COS.  oon.  3i  pts*  co.ar.  . .     0*11181 

:   dtff.  lat  255m 2*40654 

::  axn.  eon.  31  pta 0*80236 


To  find  the  distance 

Aa  COS.  con. 3|  pta.  eo.ar.  ...     0*11181 

:    diff.lat.255m 2*40654 

::  rad ,....   10-00000 


dep.  200*3m 2*32071 


dist.  329  '9m 2  -51835 


To  find  the  diff.  long. 

Aa coa.  mid.  lat.  35^  17'  oo.ar.     0 *088I5 


dep.  209  '3m. . . . 
rad , 


•  •  ■  •  • 


2-32077 
10-00000 


To  find  the  longitude  in 

Long,  left     -     -     -     10**  44 'W. 
Diff.  long.  256  •4m  ^  A     16  E. 


diff.  kng.  256  *4m  .  . . .     2  '40892 


Long,  in 


6    28  W. 


By  Construction, 

Draw  the  meridian  line  ad,  indefinite, 
from  A  to  B,  lay  off  difference  of  latitude  255m. 
on  B  erect  the  perp.  bc,  indefinite, 
make  Za=:  /of  coarse,  Z\  points,  and  draw  ac, 

cutting  BC  in  c^ 
make  Z  bcd=:35o  17'  the  mid.  lat. 
draw  the  line  C9, 
then  will 

BC,  the  departure=209  3m. 

AC,  the  distance =329*9m. ;  and 

DC,  the  difference  of  longitude  =  25Gm. 
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KATIOATION. 


Case  V. 

Oiven  both  latitudes  and  the  distance,  to  find  the  course,  and 

difference  of  longitude. 

Example.  A  ship  from  latitude  49"*  10'  N.  longitude  53"  30'  W.  saQed 
369  m.  upon  a  direct  course  in  the  N.E.  quarter,  to  latitude  52o  47'  N. 
required  her  course,  departure,  and  longitude  in. 


Latitadeleft     -     -     -     49<'  lO'N. 
Latitude  in       -  -    52    47  N. 


49*  lO'N. 
52     47  N. 


Diff.  lat. 


3    37 
60 


Sam    2  )  101     57 


In  miles    -    217 


Mid.  bt       50    58 
90      a 


Co.  mid.  lat. 


39 


By  Inspection. 
Dist.  369-^3  =  123m.        \     by      rCou.N.54''E.orN.E-tE.nearIy 
Diff.Lat.2l7-i-3  =  72-3m.J  Table  l\Dep.99-5  x3=298-5m. 
Co.  Mid.  Lat.  39"  2'        t      by     l-no-  t         ««*,     «       ^ 
Dep.298-5^2  =  149-2m. /Table  2  J^'^'  ^^g'  ^37  x  2=474m. 

By  Calculation. 
To  find  the  course.  To  find  the  departure. 

As  dist.  369  co.ar 7  '43297  Ab  rad o '00000 

:    rad 10-00000  :    di8t.369m 2-56703 

::  diflF.lat.  217m 2*33646  ::  sin. con.  53 **  59' 9*90787 

:    COS.  cou.  53*59' 9*76943 


:    dep.  298  •5m 2  *47490 


To  find  the  diflF  of  long 

As  COS.  mid.  lat.  50*^58 'co.  ar  .  0  -20082 

:   dep.   298  •5  m 2*47494 

::  rad 10-00000 


:    diff.  long.  474  m 2  -67576 


To  find  the  longitude 

Longitude  left    -    -    -    530  30 'W. 
Diff.  of  long.  474m    .      7    54  E. 

Longitude  in    -    -    45    36  W. 


By  Calculation. 

Draw  the  meridian  line  ad  indefinite 
from  A  to  B  lay  off  217= difference  of  latitude 
on  B,  erect  the  perp.  bc, 
with  the  dist.  369  in  the  compasses,  and  one  foot  in  a, 

let  the  other  foot  fall  at  c,  in  the  line  bc, 
draw  the  line  ac 

make  thCi^BCD  50*  58'  =  the  middle  latitude 
draw  CD, 

then  will 
the^BAC,  the ii of  course =53**  59' 
departure,  bc= 298*5  m.  and 
difference  of  longitude,  cd  =  474  m. 
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Cabb  VI. 

Given  the  huititdejrom,  tfte  course  steered,  aiid  departure  made 
goody  to  find  the  distance,  difference  of  latitude,   and 

difference  of  longitude, 

Exan^le.  A  ship  fr©m  lat.  46**  18'N.  long.  8«  47' W.  saUedN.  W.^W. 
untill  she  had  made  184  miles  of  westing ;  required  her  distance  ran, 
and  the  latitude  and  longitude  in. 

By  Inspection, 
Course  N.W.iW.=:4iPts.     "1        by        TDistance    238  m. 
Departure    -    -     184m.      J   Table  1.  \I>iS.  lat.  151  m. 

To  find  the  latitude  in  &c. 

Latitude  left 46"*  18 'N. 

Difference  of  latitade  151m.  -      2    31  N. 


Latitadeiii 48    49  N. 


Sum  2  )  95      7 


Mid.  lat.   47    33 
90 


Co.  mid.  lat.-    42«27'1 
Departure    -     184  m.  J 


Co.  mid.  lat.   42     27 

Tabi^  2.  {^^-  ^^'^S'  272-5  m 


To  find  the  diff.  lat. 

As  iiii.cou.4ipts.co.ar.  •     0*11181 

:    dep.  184m 2  '26482 

::  COS.  coa.  4^  pti 9  '80236 

:    diff.Ut.  151m 217899 


By  Calculation. 


To  find  the  distance. 

Assin.  coa.  4iptfl.  co.ar. .     0 '11181 

:    dep.  184  m •.     2  '26482 

: :  rad 0  *00000 


To  find  the  diff.  long. 

As  ooa.mid.Ut.47''33'  oo.ar.  .     0  '17073 

:    dep.  184m 2'26482 

::  rad. lO'OOOOO 


dist.  238m 2  -37663  ' 

To  find  the  long.  in. 

Longitude  left 8**  47 'W. 

Diff.  long.  273m.  4    33  W. 


diff.  long.  272  '6m 2  -43555 


Longitude  in 13    20  W. 


By  Construction, 
Draw  the  meridian  line  ad,  indefinite 
perp.  to  ad,  at  the  point  a,  draw  AE=the  dep.  184m. 
draw  sc  indefinite,  parallel  to  ad, 
make  the  Z  BAC=4i  pts.  the  course,  and  draw  ac 
catting  EC  in  c, 

fSrom  c,  draw  bc  parallel  to  ab  n/^ 

make  the  Z  bcd=42^  27'theco.  mid.  lat. 
draw  CD, 

then  will 

AB,  the  difference  of  latitude  =  15  Im. 

AC,  the  distance = 238m.       ^ 
CD,  the  difference  of  longitudes  272-6m, 
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Case  VII. 

Given  the  latitude  and  longitude  kfl^  dietance  run,  and  departure  made 
good,  to  find  the  course  steered,  and  latitude  and  longitude  m. 

Example.  A  ship  from  the  Bell  Rock,  in  latitude  56^  26'N.  and 
longitude,  2®  2S'W.  sailed  180m.  on  a  direct  course^  between  the  N.  and 
E.  till  her  departure  was  86m. ;  required  her  true  course^  and  the  latitude 
and  longitude  arrived  at. 

By  Inspection. 

Dist.  180  m.    7      1^7      $  Course,  N.  28iE.  or  N.N.E.J  B.  nearly, 

Dep.    86  m.    j  Table  2. t  Diff.  lat.  158  9  +  157-4-5-2  =  1581  m. 

To  find  the  latitude  in. 

Ladtadelfift     -    -     .    -    .    56°  26'N. 
DifT.  Ut.  158 -Im.    -    -     -     »  2    38  N. 


Latitade  ia 


59      4  N. 


8tm     2)  1150 


Mid.  lat. 


Co.  mid.  lat. 


-  57    45 
90 

-  S2     15 


Co.  mid.  lat.  32©  15' 
Departure  86  m 


1        by        (Taken  between  32®  and  33o  by  a 
J    Tabfe  2.   \  proportion,  gives  diff.long,161  m. 


To  find  the  course. 

As  diBt.  180  co.ar.  -    -    -    7  -74473 

:  rad.  .-•---  -  10-00000 

::  dep.  86m.   -  -  -  -  1-93450 


By  Calculation, 


To  find  the  diff.  lat. 

Asrad. 0*00000 

:    dist.  180m.   •     -     -  2  25527 

::  COS.  28^32'  ...     -  9-94376 


sin.  ooo.  28*  32' 


-    9-67923 


diff.  lat.  158*1   -    -    -    2*19903 


To  find  the  diff.  long. 

Aseos.  midlat.  57<>45'co.ar.  -  0-27277 
:  departure  86m.  .  -  -  -  1*93450 
::  rad.  -    -     - 10  00000 


To  find  the  long.  in. 

Long,  left      -    -    -    2*  23'W. 
Diff.  long.  161  •2m.  =2    41  E. 


diff.  long.  161  *2m. 


2  -20727 


Long.  In. 


0    18  £. 


By  Construction. 
Draw  the  meridian  Hue  ad,  indefinite, 
on  A  erect  the  perp.  AE  =  86m.  the  departure, 
on  E  draw  £C,  parallel  to  ad,  indefinite, 
with  the  distance  180  in  the  compasses,  and  centre  a, 
cut  CB  in  c  ;        join  AC, 
draw  BC  parallel  to  ae  ;        then  will 
Z  BAG,  the  Z  of  course, =28®  32';  and 
AB,  the  difference  of  latitude,  =  158*1  m. ;        hence, 
the  latitude  in  will  be  59"*  4',  and  the 
middle  latitude,  57**  45';         make  the  Z  *cd  =  59o  4', 
draw  DC,  cutting  ad  in  d  :        then  will 
DC  =  161'2  m.  the  difference  of  longitude. 
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Exan^U$for  Exercise. 

1.  A  ship  from  latitude,  bZ""  18'N.  longitude,  O""  55'  E.  is  bound  to  a 
port  in  latitude,  57"  58'N.  and  longitude,  7**  3'E. ;  required  her  course 
and  distance. 

Answer. — Course,  N.  36**  34'E.  or  N.E,b.N:iE,  nearly; 

distance  348'6in. 

2.  A  ship  from  latitude,  54'  28'N.  longitude,  13«  18'W.  sailed 
S.W.b.W*  300  miles;  required  the  latitude  and  longitude  in. 

Answer, — ^Latitude  in,  51«  4rN.  longitude,  20°  13'W. 

S.  A  ship  from  latitude,  33°  45^8.  longitude  78®  37'W.  sails  on  a 
direct  course  between  the  S.  and  E.  to  latitude  36*  54'S.  and  160  miles 
to  the  eastward;  required  her  true  course,  distance,  and  longitude 
arriyedin. 

Answer, — Course,  S.  40**  15'E.  or  S.E.b.S.iE.  fleasly; 
distance,  247'6m.    longitude  in,  *]b*>  2rW. 

4.  A  ship  from  latitude  14«  46'N.  and  longitude  24"*  46' W.  sailed 
S.E.b.S.  until  she  arrived  in  latitude  10°  30'N. ;  required  her  departure 
made  good,  distance  run,  and  longitude  in. 

Answer, — Departure,  I7l*lm.    distance,  307*9m.    longitude 
in,  21"  51^. 

5.  A  ship  from  latitude  37®N,  and  longitude  10®  25 'W.  sailed  on  a 
direct  coarse  300  miles,  between  the  N.  and  W.  until  she  arrived  in 
latitude  41''N. ;  required  her  course,  departxire,  and  longitude  in, 

Answer,— Course,  N.  36®  52' W.  or  N.W.b.N-iW.  nearly; 
departure,  180m.    longitude  in,  14©  17'W. 

6.  A  ship  from  latitude  50*'  lO'S.  longitude,  10°  13'E.  sails  E.S.E. 
until  her  departure  is  957m. ;  required  her  distance  run,  and  latitude 
snd  longitude  in. 

Answer, — Distance,  1036m.    latitude  in,  56*  46'8.  longitude 
iu,37M'E. 

7.  A  ship  from  latitude  49°  30'N.  and  longitude  14^  40'W  sails 
between  the  S.  and  E.  645  miles,  until  her  departure  is  500  miles ; 
required  the  course  steered,  and  the  latitude  and  longitude  in. 

Answer,— Course  8.  50®  50' E.  or  S.E.J E.  nearly; 
latitude  in,  42°  43'N.    longitude,  2®  S9'W. 
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mercator's    sailing. 


Mercator's,  like  Middle  Latitude  Sailing,  is  designed  to  obvittte  the 
difficulties  which  result  from  the  spherical  figure  of  the  earth,  is  deter- 
mining at  anytime  the  place  of  a  ship  at  sea  ;  or,  the  relation  between 
a  ship's  change  of  place,  and  her  difference  of  longitude  when  she  sails 
on  an  oblique  rhumb.  The  imperfection  of  Middle  Latitude  Sailing  has 
been  already  pointed  out. 

Mercator's  Sailing,  is  derived  from  Wright's,  commonly  called  Merca- 
tor's  Chart,  which  may  be  produced  by  development,  in  the  foUowing 
manner.  Conceive  a  globe  or  sphere  with  the  usual  delineations  on  its 
surface,  to  be  circumscribed  by  a  hollow  cyUnder,  whose  axis  coincides  with 
that  of  the  globe,  and  let  us  now  suppose  that  this  globe  is  expanded  in  its 
dimensions  north  and  south  of  the  equator,  just  as  a  bladder  in  the  same 
situation  would  swell  in  those  directions  by  continual  inflation  :  the  parts 
always  stretching  uniformly,  the  meridians  will  be  increased  in  length,  in 
the  same  proportion  as  the  parallels,  till  finally,  all  parts  of  the  expanding 

5 lobular  surface  will  be  transferred  to  the  concave  surface  of  the  cylin- 
er,  very  nearly  in  the  same  manner  as  if  they  had  been  referred  to  it  by 
lines  drawn  from  the  centre  of  the  globe  through  every  point  of  its 
surface.  The  meridians  will  become  straight  lines,  and  the  parallels 
circles  on  the  surface  of  the  cylinder ;  the  former  in  the  direction  of  its 
length,  and  the  latter  parallel  to  its  base. 

If  now  the  cylinder  be  unrolled,  and  spread  into  a  plane,  the  surface 
thus  produced  will  be  a  Mercator's  Chart,  which,  like  a  map  of  the 
stcrcographic  projection,  gives  a  true  representation  as  to  form,  of  every 
particular  minute  part,  but  varies  greatly  as  to  scah  in  different  regions ; 
the  polar  portions,  especially,  are  extravagantly  enlarged,  and  it  is 
utterly  impossible  to  comprise  within  finite  limits  the  whole  map,  even 
of  a  smgle  hemisphere. 

From  what  has  now  been  said,  it  will  be  easily  seen,  that  in  a  Merca- 
tor's  Chart  the  distance  between  any  two  meridians  is  made  equal  to 
their  difiference  of  longitude,  the  degrees  of  longitude  are,  therefore, 
every  where  equal  to  one  another ;  and,  consequently,  the  parallels  of 
latitude  are  enlarged  in  the  ratio  of  the  cosine  of  the  latitude  to  the 
radius,  while  the  rhumb  line,  or  track  the  ship  describes,  is  repricsented 
by  a  straight  line.  Now  in  order  that  the  angle  which  the  rhumb  line 
makes  with  the  several  meridians  on  the  chart,  may  correspond  with 
the  same  angle  on  the  globe,  it  will  be  necessary  to  increase  the  meridian 
m  the  same  ratio  by  which  the  parallels  of  latitude  are  increased ;  viz. 
as  the  cosine  of  the  latitude  is  to  the  radius,  or,  which  is  the  same  thing, 
as  the  radius  is  to  the  secant  of  the  latitude.  Hence,  the  degrees  of  the 
meridians  on  a  Mercator's  chart  increase  toward  the  poles,  as  the  secant 
of  the  latitude  increases ;  likewise,  all  the  parallels  of  latitude,  and  every 
part  of  them,  are  larger  than  they  are  on  the  globe,  in  the  ratio  of  the 
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to  the  secant  of  the  latitude.  Hence  also,  though  the  latitudes^ 
longitudes  and  bearings  of  places^  are  truly  represented  on  a  Mercator's 
charts  the  distances  are  distorted  in  various  proportions. 

The  difference  of  latitude  between  two  places  increased  in  the  above- 
mentioned  proportion,  is  called  the  meridional  difference  of  latitude,  to 
distinguish  it  from  the  actual  distance  of  their  parallels,  which  is  called 
the  prvper  difference  of  latitude,  or  simply  the  difference  of  latitude. 

The  annexed  figure  will  tend  to  illustrate  the  applisation  of  the  fore- 
going principles  to  the  solution  of  the  several  cases  of  Mercator's 
oaiUng. 

Let  ABC  be  a  triangle  in  Plane  Sailing,  in  ^ 
which  A  represents  the  course,  ac,  the  distance, 
AB,  the  difference  of  latitude,  and  bc  the  depar- 
ture. Let  AB  be  produced  to  d,  making  ad  k 
equal  the  meridional  difference  of  latitude;  also  ^ 
let  DB  be  drawn  parallel  to  bc,  and  ac  produced  ^ 
to  Ey  then  will  ade  be  a  figure  in  Mercator's  ^ 
Sailing,  in  which  db  represents  the  difference  (» 
of  longitude.  Now  the  angle  a  being  common  b 
to  the  two  triangles  abc,  ade,  and  the  sides  bc 
and  DB  parallel,  they  are  similar  triangles; 
therefore  the  sides  containing  the  equal  angles 
of  the  one,  are  proportional  to  the  sides  containing  the  equal  angles  of 
the  other.  Hence  all  the  analogies  for  the  solution  of  the  different  cases 
in  Mercator's  Sailing,  may  be  readily  deduced  agreeably  to  the  principles 
of  right-angled  Plane  Trigonometry. 

The  length  of  the  expanded  meridian,  or  the  meridional  difference  of 
latitude,  between  any  two  parallels,  is  found  by  means  of  Table  6,  by 
the  same  rules  as  those  already  given  for  finding  the  difference  of  latitude 
viz.  if  the  two  given  latitudes  be  of  the  same  name,  the  difference  of  the 
corresponding  meridional  parts  will  be  the  meridional  difference  of  lati- 
tude ;  but  if  the  latitudes  be  of  contrary  names,  the  sum  of  those  parts 
wiD  be  the  meridional  difference  of  latitude. 
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NAVIGATION. 


Case  I. 

Given  the  latitudes  and  hngitudes  of  two  places,  to  find  the  course  and 

distance  between  them. 

Example.  ^Required  the  course  and  distance  from  a  port  in  latitude 
49^  58'N.  and  longitude  5*  ll'W.  to  another  port  in  latitude  33**  3'N. 
and  longitude  16°31'W. 


Lat.  left    -    . 
Lat.  bound  to 

-  49«  58'N. 

-  33      3  N. 

mer.  pti.    3471 
mer.  pts      2103 

mer.difT.lat.  1368 

long,  left     •    - 
long,  bonnd  to 

diff.  long.    -     • 
Inmilei 

-  5« 

-  16 

ll'W 
31  W 

Diff.  of  Ut.     - 

-     16    55 
60 

-  11 
60 

20 

* 

In  milcf 

-    1015 

-    680 

m 

By  Inspection. 

Mer.difflat.  1368-t-10=  136  8ra.)       by       ( 
Diff.  long.  680-^  10= 68m.  )  Table  2   ( 

Course  -    -    -     -    26i 


Cou.  S.  26J*W,  or  S.S.W 
i  W.  nearly. 


Diff.  lat.  1015-^5=203  m.  }   Table  2.  }  Distance  227  x  5  =  1 135m. 


By  Calculation. 


To  find  the  course. 


To  find  the  distance. 


A8  mer.  diff.  lat  1368  co.ar.    6  *86391 

:    rad. 10-000000 

: :  diff.  long.  680m.        -     -    2  -83261 

:    tang.  cou.  26*'26'     -    -    9*69642 


As  rad.  -  -  -  . 
:  diff.  lat.  1015m  • 
::  sec  cou.  26°  26' 

:    dist.  1134m.  -    • 


OOOOOO 

3  00647 

10-04796 

3  05443 


By  Construction. 

Draw  the  line  ad  =  1368,  the  mer.  diff.  lat. 
on  D,  ereet  the  perp.  de  =  680,  the  diff.  long, 
draw  the  line  ae,  '  * 

from  A  to  B  lay  off  1015^  the  diff.  tat. 
on  B,  draw  bc,  parallel  to  de, 

then  will 
Z  EiD,  the  ^  of  course^  =:  26i* ;  and 
AO,  the  distance = 1134  m. 


X  BUT  Jang  I> 


*  In  order  that  a  comparlaon  may  be  formed  of  the  results  obtained  by  Middle  Latitude 
and  Mercator't  Sailings^  tbe  Examples  in  the  latter  are  the  same  as  those  already  giren  in 
the  former;  the  samt  may  be  observed  with  respect  to  the  Examples  for  Exerdse. 
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Ca8B   IL 

Given  the  latitude  and  longitude  left,  the  course  steered,  and  distance 

run,  to  find  the  latitude  and  longitude, 

Exang)le.  A  ship  firom  latitude  42*  52'N.  longitude  9*  17'W.  sailed 
S.W.b.S.  290  miles ;  required  the  latitude  and  longitude  in. 


Course  S 
Distance 


By  Inspection, 
To  find  the  latitiide  in,  &e. 

Lfttitadeleft     -    -    -    42°  52'N.  mer.  pti.    2852 

Diff-lat.  241 -Im.  -      »  4       IS. 


Ltt  in    -    -    -    -    38    51  N.  mer.  ptB.    2533 

mer.  diff.  Ut    -       319 


Course 
Mer 


SSaigtlUw-s}  T.bL  l]  I>^-^-  106-7  X2=213-4m. 


By  Calculation. 


To  find  the  diff.  lat 

As  rid. 0-00000 

:    dift  290m     ....    2-46240 
::  eos.o(m.  3pt8.  -    -     -     9*91985 


-   diff.  kt.  241  -Im 


-    2-38225 


To  find  the  diff. long. 

As  rad.     --....    Q  'OOOOO 

:  mer.  diff.  lat.  319m.       .    2  '60379 

: :  tang.  oon.  3  pts.      -     -    9  '82489 

:  diff.  long.  213 'Im.  •    -    2*32868 


To  find  the  longitude  in. 

Longitude  left        ...     90  17' w. 
Diff.  long.  213 'Im. 


Long,  in 


•     3    33  W. 
-  12    50  W. 


By  Construction. 

Draw  the  meridian  line^  ad,  indefinitei 
make  Z  dab,  the  Z  of  coursers:  3  pts. 
draw  AE  indefinite, 

on  ABlay  off  AC = 290m.  the  distance, 
from  c  draw  cb,  perp.  to  ad  ;        then  will 
AB=241-lm.  diS.  of  lat. 

Hence,  the  latitude  in  is  38®  51'N.  and 
mer.  diff.  lat.  319. 
Make  ad=319,  on  d  draw  db,  parallel  to  B 

then  will 
DB= 213*1  nu  the  difference  of  longitude. 


Bifra^n^ 
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NATIOATION. 


Case  III. 

CHven  both  laHtvdes  and  departure,  to  find  the  couree,  distance^  and 

difference  of  longitude. 

Example.  A  ship  from  latitude  34*  55'S.  and  longitude  20"  18'E. 
sailed  on  a  Birect  course,  between  the  S.  and  E.  till  she  was  found  by 
obserration  to  be  in  latitude  40**  47'S.  and  to  have  made  436  miles  of 
easting ;  required  the  course  steered^  distance  nin^  and  the  longitude  at 
which  the  ship  had  arrived. 


To  fiad  the  latitude  in,  &c. 

Ulitnfa  kfl    •    -    -    Si""  55'S:  mer.  pts. 

Lttitude  in      •    -    -    40    47  S.  mer.  pts. 


-  22S8 

-  2684 


Differeace  of  latitude     5    52»352in.       mer.  diff.  lat.    446 


By  Inspection. 
Diff.  lat.    352-^2  =  1 76m."\      by      fCou.  S.5 1  E.  or  S.E.f  E.  nearly. 
Departure  436-^2=218m.j  Table  2  \Distance  .  280x2=560m. 


Course    -    51 
mer.dif.lat  446 


C^=lll-5m}TabL2.}»iffW.137-6x4=550-4m. 


By  Calculation. 
To  find  the  course.  To  find  the  distance. 

Ai  diff.  lat  352m.  CO.  ar.         7-45346  A«  raA Q-OOOOO 

-.Tad. 10  -00000  :    diff.  lat  352m.    -    .    -    2  -546^4 

::  dep.436m.    ...    -    2-63949  ::  lec,  con.  51**  5'      -    -1020191 


:    tang. con.  51*5'     -    -  10-09295 


dist.  560  '3m. 


-    2-74845 


To  find  the  diff.  of  long.* 

Aarad.       10-00000 

•   mer.  diff.  lat.  446      -    -      2-64934 
--  tang.  000.51*5'       -    -    10^09292 


to  find  the  long.  in. 

Long,  left       -        -    20^*  IB'E. 
Diff.  long.  552  •4m.    «  9    12  B. 


:    diff.  long.  552  -4m. 


2-74226 


Longitude  in  * 


29    30  E. 


By  Conetruction, 
Draw  An=:446,  the  mer.  diff.  lat. 
on  AD  lay  off  ▲B=352.  the  diff.  lat. 
on  B,  erect  the  peip.  bc=436^  the  dep. 
draw  DE  indefinite^  parallel  to  bc^ 
from  A  through  o  draw  ae^  intersecting  be  in  e 

then  will 
Z  CAB,  the  Z  of  course, =51**  5', 
AC,  the  distance=560-3m.;  and 
DE,  the  differenee  of  longitudess552-4m. 


JHfr^LQng 


•  ABC,  ADB  being  similar  triangles,  the  difference  of  longitude  may  be  found,  indepen- 
dent of  the  course,  by  the  following  proportion, 

prop.  diff.  lat.  :  dep.  ::  nrtr.  diff.  lat.  ;  diff.  long. 
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Case  IV. 


Given  both  htiiudes  and  the  course,  to  find  the  departure,  distance,  and 

longitude  tn. 

Example.  A  ship  from  latitade  37''  25'S.  and  longitude  lO"*  44'W. 
Bailed  N.E.  bN.  ^E.  to  latitude  33*'  lO'S.;  required  the  departure^ 
distance,  and  longitude  in. 

To  find  the  difference  of  latitude,  &c. 


Latitiideleft 87^  25'S. 

Latitude  in 33     10  8. 


mer.  pts 2424 

mer.  pt8 2111 


Diff.lat. 


4     15  »  255m.    mer.  diff.  lat- 


313m. 


By  Inspection. 

Course  N.E.bN.  \  l.=3 Jpts."!        by        TDist.  165  x  2=:330m. 
DiflF.  lat.  255-r-2  =  127-5        J   Table  1.  \Dep.  104-7  x  2=2Q9-4m. 

SSSSi*3llife6:5jTl,.)a^'«»S..28-4x2=«6.8^ 


By  Calculatian. 
To  find  the  departure.  To  find  the  distance. 


As  eot.Gou  3ipt».  oo  ar.   .     0  11181 

:    diff.  Ut.  255m 2*40654 

: :  sin.  con.  3ipti 9  '80236 


:    dep.209'3m 2-32071 


As  coe.  con.  3^  pti  CO  ar.. .     0*11181 

:    diff  lat.  255m 2  -40654 

::  rad 10-00000 


:    dist.  329-9m 2-51835 


To  find  the  diff.  long. 

Asnd 10-00000 

:  mer.  diff.  bt.  313m.. . .      2  -49554 
::  Ung.oou  3ipts 9-91417 


:  diff.  long.  256 -9m 2-40971 


To  find  the  longitude  in. 

loDgitade  left    10*  44'W. 

diff.  oflong.256-9m...«  4     17  £. 

longitodein 6    S7  W. 


By  Construction. 

Draw  the  line  ad =3 13^  the  mer.  diff.  lat. 
on  AD  lay  off  diff.  lat. = 255m.  from  A  to  b, 
on  D  erect  the  perp.  de,  indefinite, 
make  Z  dae  the  Z  of  course =3^  points 
draw  AE,  cutting  de  in  e, 
draw  BC  parallel  to  de, 
then  will 

AC,  the  distance =329'9m. 

BC,  the  departure  =:209*3m. ;  and 

DE,  the  difference  of  longitude =25G-9m. 
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MATieATIOM. 


Gasb  V. 


CUven  both  latitudes  and  the  dietance,  to  find  the  couree,  ojnd 

difference  of  longitude 

Example.  A  ship  from  latitude  49^  IC/N.  longitude  53<»  3(/W.  Bailed 
369m.  upon  a  direct  course  in  the  N.E.  quarteri  to  latitude  52*  47'N.; 
required  her  coursej  departure,  and  longitude  in. 

To  find  the  difference  of  latitude,  &c. 


Lstitadelaft 
Latitadein 

Diff.  Iftt.      - 


-    -     .    49**  lO'N. 

•-    -    -    52    47  N. 


mer.  pts.    3397 
mer.  pti.    3742 


3    37»217iii.iBer.dliff;iat      345 


By  Inspection, 


Dist.  369-f-3 = 1 23m.         \        by        cCou jr^4'^£.orN JB.f  E.nearly 
Diff- lat.  217-5-3  =  72-3m.  )    Table  2.    {Dep.99-5  x  3=298*5  m. 

rse    -     -     -    -     54^     )       by       pif.long.237  + 237*9 =474-9m. 
.difJat.345-«-2=l72-5m)  Table2.   ({taken  between  172-2  &  172-8.) 


Course 
mer 


By  CaloukUion. 
To  find  the  course.  To  find  the  departure. 


As  dist  369  co,ar. 
:    nd.   -     -    - 
::  diff. Ist  217m. 


-  -   7-43297 

-  .  10-00000 

-  -   2  -33646 


Asrad.  ..-.•-  0-00000 
:  dist.  369m.  -  .  .  .  2  56703 
: :  sin.  OOQ.  53*  59'-     -    -    9-90787 


cot.  ooo.  53*59'    - 


9  -76943 


:    dtp.  298 -5m.      -     -    -    2-47490 


To  find  the  diff.  long. 

As  COS.  con.  53**  59'  co.ar.  -  -  0  -23061 
:  mer.  difi*.lat.  345in.  -  -  2*53782 
: :  sin  ecu.  53^  59'  -    -     -    -     9  -90787 


To  find  the  long  in. 

Longiiade  left      ....    53*  30' W 
Diff.  long.  474 -Sm.  -     -     -«  7     55  E. 


diff.  474  -5m. 


2  67630 


Longitadt  in 


45    35  W. 


By  Constniction, 
Draw  the  line  ad =345,  the  mer.  diff.  lat.    o 
on  this  line  lay  off  ab=:217  the  diff.  lat.  ^ 

on  B,  erect  the  perp.  bc  indefinite,  ? 

with  the  dist.  369  in  the  compasses,  and  centre  a^§^ 
cut  the  line  bc  in  c,  ^ 

through  c,  draw  the  line  ae,  indefinite,  ^ 

draw  DB  parallel  to  bCj  meeting  ace  in  e^     .      *^ 
then  will 
the  Z  BAG,  the  Z  of  cour8e=53''  59' 
BC,  the  departures 298*5  m.  and 
BE,  the  difference  of  longitude =474'5m. 


Jxrr^Lat 
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Casb  VI. 

Given  the  latitude  from,  the  course  steered,  and  departure  madeffood,  to 
find  the  distance,  difference  of  latitude,  and  difference  of  longitude . 

.  Example.  A  ship  from  latitude  46°  18'N.  long.  8<»47'W.  sailed  N.W. 
iW.  until  she  had  made  184  miles  of  westing;  required  her  distance 
ran,  and  the  latitude  and  longitude  in. 

By  Inspection, 
Course  N.W.iW.=4i  pts.     \      by      /Distance,  2S8m. 
Departure     -    -     184  m.     J  Table  l.\Diff.  lat.    151m. 


To  find  the  latitude  in. 

Lfttitadeleft     .    .    .    46**  IS'.N.  mcr.  pts. 

I>iff.  l«t.  151m.    -      -    2    31  N. 


3142 


Lathadein       -    •    -    48    49  N. 


mer.  pti.    .    3365 


mer.  diff.  lat.      223 


Cou.  N.W.JW.=4l  pts.        1      by     1  ^  '■"' 

Mcr.dif.Iat.223H-2=lll*5m. J  Table  i, jI>iff-long.  136  xa=272m. 


To  find  the  diff.  lat 

Aina  coii.4iptB.  oo.ar....     0 •11181 

:    dep.  184m 2  *26482 

::  <XM.  oon.  4i  pts 9*80236 

:  diCkt.  I51m.  .  •  ; 2  '17899 

To  find  the  diff.  long. 

A«oof.coii.  4Apti  ooar...     0*19764 

:    mer. diClat. 223m 2*34831 

::  niLcoiL  4|pti i,     9*88819 

:    diff.  long.  271 -7m .     2*43414 


By  Calculation. 


To  find  the  distance. 

'  Ab  nn.  cou.  4||pti.  co.ar.  . .     0*11181 

:    dep.  184m 2  *26482 

::  rad. 10*00000 


:dist.  238m ^..     2*37663 


To  find  the  long.  in« 

Long,  left 8*  47'W 

Diff.  long.  271  •7m,  .     4    32  W- 

Ii0ngitad6  in 13    19  W, 


By  Construction. 
Draw  the  meridian  line  AD,  indefinite, 
firom  A  draw  af,  perp.  to  ad = the  dep.  184m, 
make  the  Zjl=z4^  pts.  the  course,  and 
draw  AB  indefinite, 

from  p,  draw  Pc  paraflelto  ad,  and  cutting  ae  in  c 
draw  CB,  parallel  to  fa, 

then  will 
AC,  the  distances 238m. ;  and 
AB,  the  difference  of  latitudes  151m. 

Hence,  Ae  latitude  in  is  48"  49'N. :  and 
the  mer.  diff.  lat  223  ; 
make  ad=223,  the  mer.  diff.  lat, 
draw  DB  parallel  to  bc,  meeting  ab  in  b, 

then  will 
DB,  the  difference  of  longitudes 271  •7m: 

18 


/ 
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NAVIGATION. 


caib  vir. 

Given  the  latitude  and  longitude  leftj  distance  run,  and  departure  made 

good,  to  find  the  course  steered,  and  latitude  and  longitude  in. 
Example.  A  ship  from  the  Bell  Rock^  in  latitude  56^  26'N.  and  lon- 
ntude,  2*"  23'W.  sailed  180m.  on  a  direct  course^  between  the  N.  and 
E.  till  her  departure  was  86m. ;  required  her  true  course^  and  the  latitude 
and  longitude  arrived  at. 

By  Inspection. 
Dist.  180m.  7      by     C  Course,  N.28i*B.  or  N-N-E.^E.  nearly, 

Dep.  86m.   3 Table  2.\  Diff.  lat.  158-9  + 157-4-=-2  =  158-lin. 

To  find  the  latitude  in,  &c. 

Lfttitadeleft      -    •    56*"  26'N.  mer.  pts.    4121 

Diff.  kt.  158 -Im.     «  2    38  N. 


Latitude  in 


59 


4  N.  Bier.  pU.    4417 

mer.  diff.Ut    •      296 


Course    -    -    -    - 
Mer.  dif.  lat.  296-f-2 


:f4L.}Tabfe2.}»ifJ«^g-78-9+8l-^ 


To  find  the  course. 

As  diet  180  oe.ar. 7*74473 

:    rad 10-00000 

::  dep.  86m... 1-93450 

:    nn.  con.  28"  32' 9-67923 


By  Calculation. 


To  find  the  diff.  lat. 

ABrad 0-00000 

:    dirt.  180m 2-25527 

::  COS.  28'»32' 9-04376 


diff.  lat  158*1 2*19903 


To  find  the  diff.  long. 

As  COB.  ooQ.  28^  32'  co.ar. ...     0  *05624 

:    mer.  diff.  lat.  296m 2-47129 

::  ain.  ooa.  28"'-32' 9 '67913 


diff.  long.  160  -Om. 2  -20666 


To  find  the  long.  in. 

Longitude  left 2*  23' W 

Diff  long.  160-7m.a  2    41  B. 

Longitade  in 0    18  E. 


•  By  Cohstruction. 

Draw  the  meridian  line  ad,  indefinite, 
on  A  erect  the  perp.  AF=:86m.  the  departure, 
draw  FC,  parallel  to  ad,  indefinite, 
with  the  mst.  180  in  the  compasses,  and  one  foot  in  a 
cut  7C  in  c, 
join  AC,  and  draw  bo  parallel  to  af, 

then  will 
Z  BAG,  the  course =28'' 32';  and 
AB,  the  difference  of  latitudes?  158*lm. 

Hence,  the  latitude  in  is  59""  4%  and 
mer.  diff.  lat.  296,' 
From  AD  lay  off  296, 

through  D,  draw  db,  parallel  to  bc,  indefinite, 
produce  ac  till  it  meets  the  line  de  in  e, 

then  will 
DE=x:160'9m.  the  difference  of  longitude. 
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Exampkifor  Exerciie, 

1.  A  ship  from  latitude,  53^  Id'N.  longitade,  0"*  55 'E.  is  bound  to  a 
port  in  latitude,  57"*  58'N.  and  longitude,  7""  3'E. ;  required  her  course 
and  distance. 

Answer,— Course  N.  36"*  31'E.  or  N  J!.b.N.iE.  nearly ; 

distance  348'4m. 

2.  A  ship  from  latitude,  54*  28'N.  longitude,  W  IB'W.  sailed 
S.W.b.W.  300  miles;  required  the  latitude  and  longitude  in. 

Answer,— Latitude  in,  5V  41'N.  longitude,  20**  16'W. 

3.  A  ship  from  latitude  33''45'S.  longitude  78**  37'W.  sails  (fti  a 
direct  course  between  the  S.  and  E.  to  latitude  36*  54'S.  and  160  miles 
to  the  eastward;  required  her  true  course,  distance,  and  Icmgitude 
.arrifed  in. 

Answer, — Course,  S.  40*  15'E. ;  distance,  247*6  m. 

longitude  in,  75*  21 /W, 

4.  A  ship  from  latitude  14''  4617.  and  longitude  24"^  46'W.  sailed 
8.E.b.S.  until  she  arrived  in  latitude  10"  30' N. ;  required  her  departure 
made  good,  distance  run,  and  longitude  in. 

Answer, — ^Departure,  171*1  m.  distance,  307*9In. 

longitudein,  21'*51'W. 

5.  A  ship  from  latitude  37''N.  and  longitude  10^  25'W,  sailed  on  a 
dir^t  course  300  miles,  between  the  N.  and  W.  until  she  arrived  in 
latitude  41*N.;  required  her  course,  departure,  ini  longitude  in. 

Answer, — Course,  N.  36"  52'W, ;  departure,  180  m. 

longitude  in,  14"  17 'W. 

6.  A  ship  from  latitude  50"  lOB.  longitude  10**  16'E.  sails  E.S.E. 
until  her  departure  is  957m. ;  required  her  distance  run,  and  latitude 
and  longitude  in. 

Answer, — Distance,  1036  m.  latitude  in,  56®  46'S. 
longitude  in,  37"  6'E. 

7.  A  ship  from  latitude  49<»  30'N.  and  longitude  14<'  40'W.  sails 
between  the  S.  and  E.  645  miles,  until  her  departure  from  the  me- 
ridian is  500  miles ;  required  the  course  steered,  and  the  latitude  and 
longitude  in.  . 

Answer, — Course,  50"  50'E.  or  8,E.iE.  nearly ; 

latitude  in,  42"  431^.  longitude,  2^  38'W. 
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MAYIGATIOK. 


CURRENT  •  SAILING. 


By  a  current  is  meant  a  progressive  oiotion  of  the  water,  whereby  aD 
bodies  floating  thereon^  are  carried  forward  in  the  direction  to  which  its 
stream  is  impelled,  llie  setting  of  a  current  is  that  point  bf  the  compass 
towards  whi(m  its  course  is  directed^  and  the  drift  of  a  corrent  is  the  rate 
of  its  hourly  motion :  now  the  determination  of  a  «hip*s  true  eourae  and 
distance,  when  her  own  motion  is  combined  with,  or  affectecL  by  that  of 
the  currmt  in  which  she  sails,  coQStitutea  what  is  called  Cubbbnt 
Sailing. 

When  a  ship  sails  in  the  direction  of  a  cunctnt,  thetotal  vdooty  of  her 
motion  will  be  the  sum  of  her  own  proper  rata  of  sailing,  added  to  the 
drift  of  the  current,  but  her  velocity  wul  be  expressed  by  the  difference 
between  these  two,  when  she  sails 'in  an  opposite  direction  ;  her  absolute 
motion  being  a-headt  when  her  proper  velocity  is  greater  than  that  of  the 
drift  of  the  current,  but  a-stem  when  it  is  less.  When  her  coarse  is 
oblique  to  the  direction  of  the  current,  the  ship  being  aeted  upon  at  the 
same  time  by  two  forces  in  different  directions*  will,  by  the  combination 
of  these  forces  take  an  intermediate  course,  and  describe  the  diagonal  of 
a  parallelogram,  the  two  adjacent  sides  of  which  represent  the  tracks  she 
would  hare  described,  under  th(s  separate  influence  of  the  wind  and 
current  respectively.  Thus,  let  us  suppose  a  ship  at  a, 
Fig.  1.  to  be  acted  upon  by  the  wind,  in  the  direction 
ab,  with  such  a  force  as  would  cause  it  to  move  from 
A  to  B,  in  the  same  time  that  a  current  acting  in  the 
direction  ad,  would  cause  it  to'describe  the  line  ad  sab, 
the  ship  being  acted  upon*  at  the  same  time,  by  two 
forces  in  different  directions,  will,  by  the  combination 
of  these  forces,  take  an  intermediate  course,  and  describe  the  diagonal  ac, 
and  the  two  forces  being  supposed  equal,  the  point  c,  at  which  she  will 
have  arrived  at  the  expiration  of  any  given  interval  of  time,  wiU  be  exactly 
as  far  from  the  places  b  and  d  to  which  the  wind  and  current  respec- 
tively  tended  to  carry  it,  as  the  place  a,  from  which  she  set  out. 

But  if,  as  in  Fig.  2,  these  forces  be  unequal,  then  the  ^«  2. 
ship  in  the  same  time  will  describe  the  line  ac,  and  when 
at  c,  will  be  at  the  same  distance  from  the  more  remote 
plaee  of  tendency  d,  as  she  was  from  the  nearer  b,  and  at 
the  same  distance  from  the  nearer  place  of  tendency  b,  as 
she  was  from  the  more  remote  one  d,  at  the  time  of  her 
setting  out  from  a.  Hence  the  ship's  true  distance  will  be 
the  line  ac,  and  her  true  course  will  be  the  angle  that 
line  makes  with  the  meridian. 

The  effect  of  the  current  on  the  motion  and  place  of  the  ship,  may  be 
most  conveniently  determined,  by  considering  the  ship  to  have  performed 
a  traverse ;  the  setting  and  drift  of  the  current  being  taken  as  a  separate 
course  and  distance,  as  in  the  following 
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SuppoB&a  fthip  sailed  98  mOes  N.E.  by  N.  in  a  conrent  that  set  S. 
by  W.  27  miletj  during  that  time;  what  is  hor  true  course  and  distance 
made  good^  also  her  dinerence  of  latitude  and  departure. 

Th  find  the  Oowfte  mnd  Di$ianee  mutde  good. 


Coones* 

N. 

S. 

E. 

W. 

Ii»  £•  D•^V■ 

98 
27 

81-5 

•  •  •  • 

•  •  •  • 
26'&' 

54-4  ' 

•  •  •  • 

• 
5-3 

81-5 
2fi-5 

26-5 
bep..* 

54*4. 
5*3 

5-3 

• 

• 

j>iir. 

Lat.. 

55-0 

49-1 

0 

With  the  difference  of  latitude  and  departure^  her  course  will  be  found 
nearly  N.  42''E.  and  distance  about  74m.  by  Traverse  Table. 
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Since  the  introduction  of  Tables,  by  ^riiich  this  problem  may  bo 
solved  by  inspection,  few  navigators  will  take  the  trouble  uf  working 
through  the  necessary  calculations  for  obtaining  the  shortest  sphericiu 
distance  between  the  port  they  are  leaving,  ana  that  to  which  they  are 
bound.  Some  explanation  of  its  principles  is,  however,  desirable, 
that  the  nature  of  this  sailing  may  be  better  understood. 

Great  Circle  Sailing  is  the  method  of  finding  the  successive  latitudes 
and  longitudes  which  a  ship  must  make,  the  courses  Bhe  must  steer, 
and  the  distances  to  be  run  on  such  courses,  so  that  hor  track  may  be 
nearly  on  the  arc  of  a  great  circle,  passing  through  the  place  sailed 
from,  and  that  to  which  she  is  bound. 

The  earth  being  supposed  an  exact  sphere,  the  shortest  distance  be- 
tween two  places,  is  tne  arc  of  a  great  circle  intercepted  between  them, 
and  therefore  tiie  distance  ssdled  upon  a  direct  course  from  one  place  to 
another,  will  always  be  longer  than  the  arc  of  a  great  circle  contained 
between  them,  except  when  the  rhumb  line  coincides  with  a  great 
circle,  which  can  omy  happen  when  the  ship  sails  on  a  meridian,  or  on 
the  equator.  Although  it  is  impossible  to  make  a  ship  describe  an  arc 
of  a  great  circle,  yet  she  may  be'kept  so  near  to  it,  tnat  the  error  will 
be  almost  insensible. 

The  terms  that  enter  into  this  sailing  arc,  the  latitudes  of  the  places, 
their    distance,    difference  of  longitude,    and    the  angles    contained 
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between  the  distance  and  the  meridisCns  of  the  places,  called  the  angles 

of  position^ 

• 

Mercator's  Sailing  resolves  all  the  cases  incident  to  a  ship's  course 
alon^  the  rhumb  line  passing  through  tWo  places;  but,  as  there  is  no 
case  m  which  the  course  Along  the  (urect  rhumb  line  indicates  the  short- 
est distance  between  two  pla^s,  except  when  both  are  under  the  some 
meridian,  or  on  the  equator,  the  distance,  except  in  ihis  case,  obtained 
by  that  sailing,  will  alwajs  exceed  the  true  distance ;  and  the  nearer 
the  places  are  to  a  parallel  of  latitude,  and  the  further  they  are  from 
the  equator,  the  greater  will  be  the  error. 

To  find  the  distance  between  any  two  places  and  the  angle  of 

position. 

Given  the  latitudes  of  two  places  on  the  same  parallel,  and  their  diff* 
long,  to  find  the  distance  and  tiie  angle  of  position. 

Example,  Reqiured  the  angle  of  position,  and  the  distance  between 
St.  Mary,  in  latitude  36*  67'JN.  long..  25*  9'W.  and  Cape  Henry,  in 
latitude  36^  §7'N.  and  longitude  76^  27'W. 

By  Construction. 

Describe  the  circle  efqs  to  repre- 
sent the  meridian  of  one  of  the  places, 
draw  the  equator  bq  and  the  earth's 
axis  Fs,  at  right  angles  to  it ;  make 
ED  QA  each  equal  to  the  chord  of 
36*"  57'  the  given  latitude,  and  draw 
the  parallel  of  lat.  abd,  the  radius  of 
whidi  is  the  tangent  of  53*  3'  the 
co-latitude ;  describe  the  meridian  fbs 
with  the  secant  of  51°  18'  the  diflF.  of 
long. ;  then  a  and  b  will  be  the  two 
places  :  draw  th«  diameter  af,  and 
through  the  points  abf  describe  a 
great  circle ;  then  the  arc  ab  will  be 
tlie  distance,  and  the  angle  fab  the  angle  of  position ;  these  being  mea- 
sured, will  be  found  equal  to  40**  28'  and  73°  54'  respectively. 


s 


By  Calculation, 

From  p,  draw  fo,  perpendicular  to  a  b  by  describing  the  arc  with  the 
secant  of  half  the  diff.  of  long. ;  then  in  the  right-angled  spherical  triangle 
AGP,  are  given  af,=63®  3',  the  complement  of  lat.  and  the  angle  apo, 
=  25*  39'  half  the  diff.  of  long.,  to  find  ag,  half  the  distance  and 
PAG,  the  anglo  of  position. 
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To  find  the  dist  To  find  the  £  of  position. 

Asndiiift 10*00000  « 10*00000 

:   nneAP.       dd^'S'....       9 '90263  :    coiine  AP 9*77896 

::aineAP6,    25  39....       9*63636  ::  tang.  APG 9*68142 

4               9 .53800  •    «>*»»«  PAG  73»5 

4....      9  g^aa^v  the  L  ofpodtioi 


AG        20  14....       9-53899  '    ~S?^z^<i?oS.'' ' } ^^ 


diitAB 40  28 


The  Z  PB6«PAG. 


Hi|d  the  places  been  situated  in  different  latitudes,  the  angles  of 
position  must  have  been  found  at  both ;  and  the  A  apo  being,  in  this 
ease,  not  half  the  dSerenoe  of  longitude,  the  operation  would  have 
been  more  difficult. 

It  is  evident,  that  in  order  to  sail  on  the  arc  of  a  great  circle,  a  ship 
must  continually  alter  her  course,  but  as  this  would  be  attended  wim 
trouble  and  inconvenience,  too  great  to  be  admitted  in  the  practice  of 
Navigation,  it  has  been  thougnt  sufficiently^  exact  to  effect  this  b  v  a 
kind  of  approzimiation,  namely,  by  determming  a  certain  number  of  Lati- 
tudes and  lon^tudes  through  which  the  ship  should  pass,with  the  relative 
courses  and  distances  between  them,  on  the  principle,  that  in  small  arcs, 
the  difference  between  the  arc  and  its  chord  or  tsuigent  is  so  smaD,  that 
the  one  may  be  substituted  for  the  other  without  producing  any  sensible 
differenos  between  the  track  thus  described  and  the  true  spnencal  track; 
therefore  the  smaller  the  differences  of  longitude  at  which  the  course  is 
akeredy  the  nearer  will  be  the  track  thus  determined,  to  the  truth. 

Upon  this  principle,  the  great  drcles  on  the  earth  are  supposed  to 
be  made  up  of  short  right  lines,  each  of  which  is  a  segment  of  a  rhumb 
line,  and  on  this  supposition  the  solution  to  the  foUowing  problem  is 
founded. 

Problem.  Given  the  latitudes  and  lon^tudes  of  two  places,  to  find 
the  several  points  in  a  great  drcle,  passmg  through  them,  which  differ 
in  lonmtude  from  either  of  the  places  by  a  given  quantity ;  together 
with  ULO  courses  and  distances  between  uiese  points. 

Bule,  Comnute  the  distance  of  the  places  and  their  angles  of  position 
by  the  preceoing  problem,  find  also  the  highest  latitude  which  the  great 
drcle  touches,  that  passes  through  the  two  given  places,  or  the  perpen- 
dicular from  the  pole  to  the  great  drele  passing  through  the  givei^ 
1>laces,  and  the  angles  at  the  pole  made  by  the  given  alterations  of 
ongitude  between  the  perpendicular,  and  the  successive  meridians  come 
to. 

•With  this  perpendicular  and  the  polar  angles  severally,  find  as  many 
corresponding  latitudes  as  follows : — 

As  rad.  :  co-tang.  perp.  : :  cos.  1st.  pol.  ang. :  tang.  1st.  lat. 
„  „  : :  cos.  2ndpoL  ang. :  tang.  2nd.  lat 

and  so  on  with  the  rest. 


104 


NAVIGATION. 


Now  haying  the  latitudes  of  the  several  points  in  the  great  circle,  and 
the  diff.  of  long,  between  them,  find  the  sereral  courses  and  distances, 
and  they  wiU  be  the  courses  and  distances  the  ship  must  run  to  keep 
nearly  on  the  arc  of  a  great  circle. 

Example.  A  ship  from  a  place  a,  in  lat  37^*  O'N.  long.  23^  O'F. 
bound  to  a  place  b  in  the  same  lat.  and  in  long.  TG""  27'W.  intends  to 
sail  as  near  the  arc  of  a  great  circle  as  she  can,  by  altering  her  course 
at  every  b""  of  long. ;  required  the  lat.  of  each  point  where  the  course 
is  proposed  to  be  sJtered,  and  also  the  courses  and  distances  between 
these  points. 

By  Construction, 

Describe  the  triangle  apb  and  com- 
pute the  dist.  as  in  me  preceding  pro- 
blem, when  it  will  be  found  to  be  42**  6' 
and  the  anele  of  position  a  or  b = TS"*  9  S 
the  triangle  ap  b  being  isosceles,  the 
perpendicular  pi  falls  in  the  middle  of 
AB,  and  the  latitudes,  courses  and  dis- 
tances being  known  in  the  half  ai,  those 
in  the  other  half  ib,  will  also  be  known. 
Let  the  points  a,b,  e^dy  &c.  be  the  points      Y  \ 

arrived  at  on  each  alteration  of  5°  of      | ] ....!...]q 

long. ;  then  will  the  arcs  pa,  f6,  pc,  pd, 

&c.  be  the  respective  co-latitudes  of  those  places,  and  be  the  hypothe- 

nuses  of  the  rightrangled  spherical  triangles  Pia,  Pi6y  pic,  pi(2,  &:c. 

To  find  the  perpendicular  pl 

Say,  as  rad.  is  to  cosine  of  half  the  polar  ande,  or  half  difference  of 
longitude,  so  is  tang,  of  pa  or  pb,  the  co-latitude,  to  tangent  of  fi,  the 
perpendicular ;  and  nence  the  complement  of  pi  is  tiie  latitude  of  vertex, 
or  highest  latitude  which  the  ship  comes  to  at  i. 

See  the  application  of  this  rule  in  the  example. 

In  the  triangle  pib  are  ^ven  pb=53^  0'  the  angle  of  poation  pbi= 
73°9',  to  find  we  perpendicular  pi,  i  being  the  vertex  of  the  great  circle 
of  which  the  arc  AB  is  a  part. 


By  the  1st.  rule. 


By  the  2nd.  rule.* 


Ai  radius  -    .    -    -    . 
:    nne  of  FBI  73^  9' 
::  fine  of  PB    53\0' 

:  UDAofPI    49<>  51' 


10  -00000 
9  -98094 
9  -90235 

9  '88329 


Mtdins  .  •  .  • 
:  COS.  26"*  431"  - 
::  tang.  63**     0^  - 

:    tan.PI49o  51'  - 


•  10-00000 

-  9-95093 

.  10-12289 

.  10-07382 


*  In  most  cues,  tliSs  method  is  pnfenUe,  being  altogether  independent  of  the  angle  of 
poiitioo,  and  requiring  onJtj  the  lat  and  diff.  of  loi^* 
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Haraig  found  the  perpendicular  pi,  the  angle  of  position  pai,  or.  pbi, 
maj  be  easily  found  thus : — 

^  As  sine  half  dist.  ai  or  bi,  is  to  sine  half  polar  angle  api  or  bpi,  so  is 
sine  perp.  pi,  to  sine  angle  of  position  pai  or  pbi. 

To  find  the  distance.  To  find  the  L  of  position. 

Asnd 10-00000  As  sin.  21*  2' 9''(oo8ec.)  ••     0-44472 

:  dn.  PA    SS"*  ....     9  -90235  :    lin  2Xfi  43|' 9  -65293 

::  sin.  API  260434'  ....     9  -65293  : :  im.  PI  49»  51' 9  -88330 

:  shuAI      21''  2-9'  ...     9*55528  :    sin.  PAI  73''  9 * 2' 9*98095 

2  ^  === 

— — —  tii0  L  ofpoBitionii  therefore  73^  9-2 

dift.    ..  42     &*8»2525-8 

^     — 

The  angle  ipa=(^^^)26*  43^'  angle ipa=2r  43V,  ip6=16"43i' 
angle  ipc=ll''  43^'  angle  iP(i=6**  43V  ar©  the  several  polar  angles. 

To  find  ilie  latitude  of  the  point  a. 

As  rftdins 10  00000 

:    008.  Ist  pol.  ang.  21  ^431'  9  -96800 
::eotaiig.  PI  49^51'     9-92612 

:    tang.  Ist.  lat.      SS"*   5'     9-89412 


By  continuing  the  operation  with  the  other  polar  angles,  the  succes- 
sive latitudes  from  a  to  I,  will  be  found  to  be  38*  56',  39^  33',  39**  67'. 

Now  with  the  several  latitudes  and  respective  differences  of  longitude, 
eompute  the  courses  and  distances,  and  enter  them  in  a  Table,  as 
follows : 


Mar 
Angiet. 

Saooes- 

sire 
Long. 

Dili. 
Long. 

Snoces- 

sive 
Latitnde. 

Diff. 
Lat. 

Mend. 
Psrto. 

Mer. 
diff.lat. 

COQFBeS. 

Distances 

by 

Mid^Lat. 
Sailing. 

bjMer. 
cator's 
Sailing 

Distances 

by 

Spherical 
Trigonj. 

IPA.26  43i 

23    0 

/ 

o      / 
37    0 

/ 

2392-6 

o          / 

IPs  «21  43| 

28    0 

300 

38    5 

65 

2474  -6 

82  0 

74  43 

246  6 

246-6 

246-6 

IP»»16  43i 

33    0 

300 

38  56 

51 

2539  -8 

65-2 

77  44 

240*2 

240-0 

240-2 

iPc-ll  43i 

38    0 

300 

39  33 

37 

2587  6 

47-8 

80  57 

235-3 

235-2 

235-1 

IPtf«  6  434 

43    0 

300 

39  57 

24 

2618-8 

31-2 

84    4 

231-9 

232-2 

232-0 

49  43^  403-5 

40    9 

12 

2634  -5 

15-7 

87  46 

309-1 

307-9 

309-0 

1603-5 

189 

241*9 

1263-1 

1261 -9 

1262 -9 
2 

2525-8 

14 
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The  true  distanocs  of  the  respective  lats.  from  vertex  or  perpb  are 
found  by  the  same  formula,  as  the  total  distance  above,  and  the  differ- 
ences are  the  numbers  in  the  last  column. 

The  courses  and  first  distances  are  found  by  Mereator's  Sailing ;  but 
as  the  other  courses  are  near  the  parallel,  the  distances  cannot  be  very 
exactly  found  by  this  method.  The  sum  of  the  distances  is  1263*1 
which  doubled  gives  the  whole  distance  2526*2. 

The  sum  of  the  several  successive  differences  of  longitude = 1603*5  x  2, 
gives  3207  miles  the  whole  diff.  of  long,  between  the  two  given  places, 
Sie  sum  of  the  successive  diff.  of  Iatitude=l89x2,  gives  378  miles 
which  is  equal  to  the  whole  diff.  of  lat.  comprehended  under  the  highest 
latitude  at  which  the  ship  should  arrive,  and  the  latitudes  of  the  two 
given  places ;  and  the  sum  of  the  several  meridional  differences  of  lat 
=  241*9x2,  gives  483*8  miles  agreeing  exactly  with  the  whole  mer. 
diff.  of  latitude  corresponding  to  the  highest  latitude,  and  the  latitude 
of  the  two  given  places. 

Example  2.  A  ship  bound  for  Kingston,  in  Jamaica,  takes  her  de*- 
parture  from  the  Lizard,  in  latitude  49®  SS'N.  longitude  5*^  l^fYf.  and 
wishes  to  sail  upon  a  great  circle  of  the  sphere,  as  nearly  as  possible, 
until  she  reaches  her  destination  in  latitude  IT  50'N.  and  longitude 
76**  42'W. ;  what  courses  and  distances  must  she  make  good  to  accom- 
I)li8h  her  purpose  :  supposing  her  first  course  from  the  Lizard  to  con- 
tinue until  she  shall  have  made  I''  30^  long.  W.  of  the  Lizard ;  and  every 
successive  course,  until  she  shall  have  reached  her  destination^  to  be 
changed  at  the  end  of  every  5  degrees  of  longitude. 


Lat.  of  Kingston,  B    17®  dO'N. 
Long,  of  ditto    ..     76    42  W. 


ffingBton, 

Jamaica. 

BA    -    - 
B  I    -    - 

AI     -    - 

HP    .    - 
AP    - 
1  P    -    - 
Lat  I 

Long   I   - 
PoUr  I  BPI 
Diff.longBPA»71 


^5  f 


lixard  point. 

64°  36'  39''«3876-6milc8,    computed 
66    26    10    compated 

1     49    31 


Lat.  ofL5iard,A.   i9^  58-0'N. 
Lat  of  Vertex,  I  .   60      0-1 

Long,  of  Lizard   .     5     12 -QW. 
^  I  PA 2    50-4 

Long,  of  Vertex,  I     2    21  -6 

I  A=  If  49 -5' =  109 -5',  or 
109  5  nautical  miles  on  the 
great  circle,  of  which  B  A  I 
forms  a  part. 


72 
40 
39 
50 
2 
'74 


1-01 

•0/ 


10 

2 
59-9 

0*1 
21-6 
20    23 
30      0 


given 

CO  hits. 

computed 

by  consequence 


»t 


computed 
given 


Diff  »  /  API .  2    50  -23  or  2**  50  4' 


See  p.  108. 
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We  most  first  oompate  the  angles  of  position  at  the  Lizard,  and  at 
Kingston ;  thus, — add  together  the  secant  of  half  the  sum  of  the  co- 
latitades,  the  cosine  of  half  their  difference,  and  the  cotangent  of  half 
the  difference  of  longitude*  the  sum  will  be  the  tangent  oi  arc  1,  or 
half  the  sum  of  the  angles  of  position. 

Asain,  add  together  the  co-secant  of  half  the  sum  of  the  co-latitudes 
the  sine  of  half  their  difference,  and  the  cotangent  of  half  the  difference 
of  longitude,  the  sum  will  be  the  tangent  of  arc  2,  or  half  the  dif- 
ference of  the  angles.  Then,  the  half  sum  or  arc  1,  added  to  the  half 
difference,  or  arc  2,  will  give  the  greater  angle  of  position ;  and  arc  2 
deducted  from  arc  1,  will  giye  the  less  angle. 


Operation. 

Co  lat.  of  Lixard  -    ^O""  2' 
CO  lat.  of,Kingiton      72  10 


longitude  of  Kingston    -    76''  42' W. 
longitode  of  Lizard  -    -      5     12  W. 


diff.long.    -    71 


0  -253564 
9  982696 
0-142730 


.  112  12  i^b^""  6'  sec. 
d— diir.  .  32  8  |=»16  4  cos. 
P— diff.  long.  71  30    4«35    45       cot. 

67*  19'  22^^   tan.  10  378990 
24     51      8 

Z   from  North     •    - 

Z  from  North 


cosec. 
sin... 
cot... 

tan... 


0*080915 
9  -442096 
0  142730 


92  10  30 


-  42  28  14 


9*665741 
24*  51'  S*' 

greater  Z  of  pos.at  Li2ard«S.87*'49'30''W 

less  Z  of  poB.at  Kingston  »N.42*28'14''E- 


Hence  the  true  bearing  of  Kingston  from  the  Lizard,  is  S.  87°  49'  30" 
W.  and  of  the  Lizard  from  Kingston,  N.  42o  28'  14"E.  the  difference 
of  these  bearings  is  45®  21'  16",  and  is  called  the  convergency  of  the 
meridians  of  the  Lizard  and  of  Kingston.  The  bearing  at  either  place, 
being  known,  the  reverse  bearing,  or  reciprocal  bearing  at  the  other  place 
may  be  computed  thus; — add  together  the  tangent  of  half  the  difference 
of  long,  the  sine  of  half  the  sum  of  the  latitudes,  and  the  secant  of  half 
the  diff.  of  lat.  the  sum  will  be  the  tangent  of  half  the  convergency  of 
the  meridians ;  this  angle  doubled  will  giye  the  convergency,  which 
applied  by  addition  or  subtraction  to  the  given  bearing,  or  angle  of 
position,  will  give  the  reciprocal  hearing,  or  the  other  angle  of  position. 
In  north  latitude  the  south  bearing  is  greater  than  its  reverse  bearing 
north,  because  the  meridians  diverge  towards  the  south,  but  converge 
towards  the  north.  In  south  latitude  the  case  is  similar ;  for  in  either 
hemisphere,  the  meridians  diverge  from  the  nearest  pole,  but  converge 
as  they  approach  the  nearest  pole.  Hence  if  the  given  bearing  be  S.E. 
or  S.  W.  liie  convergency  must  be  subtracted  from  it,  in  order  to  obtain 
the  reverse  bearing  N.W.  or  N.E. 


To  compute  the  convergency  in  the  present 


case, 


Half  diff.  long  -  -  -  35<>  45' 
Half  snm  of  lats.  -  -  33  54 
Half  diff.  of  late.    -     -     16      4 


tan.  9-857270 
sin.  9  746436 
sec.    0-017304 


Half  convergency    22*"  40' 38''    tan.    9*621010 


conTergency      45     21 


16        the  same  as  the  difT.  of  the 
bearings  given  above. 
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Now  suppose  the  bearing  of  Ejngston  from  the  lizard  to  liaTe  been 
known,  or  already  computed  as  above,  namely,  S.87®  49'  30*1¥-  from 
this  bearing  subtract  the  convergency,  45®  21'  16'',  and  the  remainder, 
42®  28'  14",  will  be  the  bearing  of  the  Lizard  firom  Kingston,  N.E. 
This  independent  computation  of  the  convergency  of  the  meridiaDs,  will 
always  be  a  test  of  the  correctness  of  the  angles  of  position. 

As  the  angle  of  portion  at  tiie  Lizard  is  greater  than  a  right  angle, 
the  p^7)endicular  pi  falls  without  the  triangle  pba,  east  of  the  Lizard ; 
and  therefore  the  series  of  latitudes  of  the  points  a,  6,  c,  d,  SfC,  as  well 
as  the  distances  Aa,  a6,  be,  cd,&Q.  must  be  referred  to  the  portion  of 
Tertex  i,  as  the  initial  point 

To  compute  the  perpendicular  pi,  and  the  base  bi,  in  the  right-angled 

spherical  triangle  pbi, 

Z   FBI  -  420  28'  W  ..  om.    9*867835  ..  on.    9*829439 

PB    »  72    10      0    ..  tan*  10-492540  ..  sin.    9 '978615    («PI 


BI     B  6^    26     10         tan.  10-360375        nn.    9  •808054  b  39^  59' 55' 

rad.     :    COB.  PBI  ::  tan.  PB    :    tan.  BI     -  66O26'10''  =  66^26-2' 
rad      :    im.  PBI  ::  sin.    PB    :    sin.  PI      «  39  59  55     »  37  59*9 
sin.PI  :    sin.  PBI   ::  sin.  BI      ;   sin.  BPI    »  74  20  23     -  74  20'^ 

74°  20  -4'— 71°  30'  «2'*  50  -4'  -diff.  of  long,  of  Uwrd  and  Vertex  I.    heno^,. 

90°  0  0  5°  12  0'W. 

perp.    PI  •«     39  59  §  Z  API    «     2    50*4 

kt.  of  vertex    -    50    0*1  N.  long.    -    -     2    21-6  W. 

It  is  presumed  needless  to  give  the  above  formulae  in  words. 

To  find  the  whole  distance,  ba. 

As  sin.  Z  PBI  42°28'14''(co8ec  }  6  170561 
:  sine  PA  40<'2  ...  -  9  -808368 
::  sine  polar  angle  71  30    -     -    9*976957 


:  sine  BA  64°36'39''  •    -    -    9*955886 


To  find  Ai,  the  dist.  between  the  Lizard  anid  the  Vertex  I. 

As  radins  (sin.  of  90«)   -     -    -  10  -000000      Or,  rad 10  000009 

:  sinePA  40O2'(co.lat  of  Lizard)  9  -808368        .*  cos.  87*49'30"  («  Z  PAI)    -    8  -579232 
::sine  ZAPI2°50-4'    •     -     -     8  695018       ::  tan.  PA  40**  2'      -     -     -    -    9*924327 


:  sine  AI  1®  49' 35"    ,    -     -    8  503386       :  tan  AI  r49'34"*l*'49*6'nrly.8 -503559 

These  last  computations  prove  the  distance^  and  also  each  other ; 
for, 

BI  «  ee**  26-2' 

AI  =     1     49-6 


BA  -  64    36  -6 
Also  BA  —  64    36  *6    computed  independently  abo¥6. 
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NoWy  to  find  the  sereral  laiitades  of  those  points  in  the  great  circle, 
at  which  the  courses  are  to  be  altered,  compute  as  before  directed, 
thus: — 

Diff.  long,  between  I  and  a«4«  20  i'-a"*  50  -4'  + 1"*  30' 


As  radius      ... 
:    cot  perp.  PI  39®  59'  -9 
::  coa.  IPa  4**  20  4'  - 


10-000000 

10  076212 

9  -998754 


:    tan.  lat  49<>  55'  14''  or  49''55  -2    10  -074966 

The  calculation  of  the  latitudes  ma  j  be  considerably  facilitated  by  the 
following  method,  placing  the  co-tangent  of  pi,  as  a  constant  quantity  at 
the  hesMl  of  the  column,  adding  thereto  each  successive  codney  and 
writing  the  sum,  opposite  its  cosine,  in  the  column  of  tangents,  and 
lastly  taking  out  the  corresponding  latitudes,  and  placing  them  opposite 
AerespectiTO  tangents,  in  another  column,  as  in  the  annexed  table. 


Log.  cot  P  1       a 

Longs,  from  Vertex. 
IP«    -4<>  20-4' 
IP5  -  9    20-4 
IPe  «14    20-4 
IP1I.-I9    20-4 
IP«  -24    20-4 
IP/  -29    20-4 
IP^  -34    20-4 
IP  A -39    20-4 
IPt    -44    20-4 
I  P  j    -  49    20  'i 
IP* -54     20-4 
IP/  -59    20-4 
IPm-64     20-4 
IP II  -69    20-4 


10-07621 

oocinea* 

.  9  -99875 

.  9  -99420 

.  9  -98625 

.  9-97477 

.  9  95957 

.  9  -94038 

.  9  -91682 

.  9  -88840 

, .  9  -85443 

.  9-81396 

9  -76565 

.  9  -70752 

. .  9  -63652 

. .  9  -54756 


Lat.  of  Vertex  I  -  50®  0  -1' 


IPB-74    20-4     ..     9-43125 


tangents. 
10  07496 
10  07041 
10  06246 
10-05098 
10-03578 
10  01659 
9  -99303 
9-96461 
9  -93064 
9-89017 
9-84186 
9-78373 
9-71273 
9-62377 
9 -50746 


latitudes. 
49®  55-2' 
49  37-5 
6-4 
21-3 
21*4 
5-6 
32-4 
40-1 
26  6 


49 

48 

47 

46 

44 

42 

40 

37 

34 

31 

27 

22 

17 


49-9 
47-5 
17-4 
17-9 
48-4 
50-0 


diflr.  lata. 
00  4-9' 

0     17-7' 
31  1 
45-1 
59-9 
15-8 
33-2 
52-3 
13-5 
36-7 
2-4 


0 

0 

0 

1 

1 

1 

2 

2 

3 

3 

3 

4 

4 


30-1 
59-5 
29-5 
58-4 


Haying  now  determined  the  latitudes  of  the  points  a,  6,  0",  rf,  &c.  the 
distances  Aa,  aft,  6c,  &c.  may  be  found  either  by  middle  latitude,  or  by 
Mercator's  Sailing ;  and  so  may  the  courses  also  be  obtained  from  the 
same  methods.  It  may  be  usenJ  to  observe  here,  that  when  the  diff.  of 
lat  is  very  small,  which  happens  to  be  the  case  near  the  lat.  of  vertex, 
the'difference  of  long,  is  so  much  greater  than  the  meridional  difference 
of  latitude,  that  Mercator's  Sailing  should  not  be  used,  being  liable  to  a 
conraderable  error  in  the  distance ;  nor  is  Middle  latitude  sailing  free 
from  the  same  objection,  because  the  proper  diff.  of  lat.  bears  no  sensi- 
ble ratio  to  the  mfference  of  longitude.  Tlius,  in  the  case  before  us, 
the  difference  between  the  lat.  of  vertex,  50**  0*1',  and  the  latitude  of 
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the  Lizard  49''  58',  is  only  2*1',  whereas  the  difference  of  longitade  is 
2^  50*4' =170*4' ;  hence,  tangent  course  must  be  great,  and  a  slight 
change  in  the  course  must  make  a  consideraJ^le  change  in  the 
distance. 

Again  when  the  difference  of  latitude  is  considerable,  say  6  or  8  or 
10  degrees.  Middle  Latitude  Sailina  will  not  give  correct  results, 
unless  a  correction  be  appUed  to  the  middle  latitude,  to  give  the  true 
mean  latitude.  In  this  case  Mercatar's  method  is  preferable,  unless  the 
difference  of  latitude  exceed  those  limits  beyond  which  both  methods 
will  be  liable  to  considerable  error :  in  such  cases  spherical  Trigonome- 
try should  be  used ;  or  the  distances  should  be  broken  up  into  shorter 
distances,  and  the  courses  changed  accordingly. 

But  the  most  correct  method  of  computing  the  several  distances  is  by 
Spherical  Trigonometry ;  and  this  may,  and  should  be  used  as  a  test 
of  the  accuracy  of  the  other  two  methods ;  it  is  scarcely  more  trouble- 
some or  more  difficult  than  either  of  those  methods.  Sy  means  of  the 
several  latitudes  already  determined,  and  the  longitude  from  the 
vertex  of  the  great  circle,  the  distance  from  vertex  to  each  latitude  may 
be  found  by  tne  first  and  the  most  simple  formula  of  Spherical  Trigo- 
nometry, as  before  directed.     Thus,  taking  the  first  case  above ; 

As  rad.  :  sin.  pa,  or  cos.  49*  55-2*  :  :  sine  polar  angle,  or  diff.  of 
long.  4**  20-4'  :  sine  ai  2®  47*6',  from  which  deducting  ai=1<»  49*6', 
we  obtain  the  first  distance  Aa=58*0',  corresponding  to  1-30  of 
longitude. 

Again,  rad. 10  000000 

:   cot  49®  37-5'  .      9-811433 

::  sin.  9    20-4    -      9*210299 


8inI6»6      2-1  9-021732 

Ia»2    47*6  == 


ab  ^  Z    14  -5  » 194  *5'  the  2nd  distance  from  the  Liiard. 

The  courses  as  well  as  the  distances,  may  be  computed  by  spherical 
Trigonometry ;  they  are  computed  in  the  same  way  as  the  angles  of 
position;  but  this  method  is  rather  tedious  as  well  as  troublesome ;  the 
courses  obtained  by  Mercator'a,  or  Middle  Latitude  Sailing  will  be 
sufficiently  correct  for  all  practical  purposes. 

By  another  method,  different  from  the  above,  but  similar  to  that  which 
has  been  riven  for  computing  the  latitudes,  the  distances  may  be  briefly 
computed  by  spherical  Trigonometry,  as  follows : — 
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IViiutB  Loo^. 
on  GC.   from 


1 2**50 

2 4  20 

3 9  20 

4 — 14  20 
5 — 19  20 
6 — ^24  20 
7—29  20 
S— 34  20 
9—39  20 

10->44  20 
11—49  20 
12'-54  20 
13-59  20 
14—64  20 
15-69  20 
16—74  20 


n]i.PI--9'80805*5 


4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


tan.  8 '69555 

8 -88020 

9-21610 

9  -40763 

9  -54528 

9  -65548 

9-74981 

9  -83453 

9  -91363 

9  -98999 

10  -06605 

10*14417 

10  22708 

10  -31839 

10  -42358 

10  -55232 


-    tangents. 
■■  8  50360 

'  8-68825 

>  9-02415 
«  9-21568 

>  9-35333 

>  9-46354 
'  9*55786 
'  9-64259 

>  9-72169 

>  9.79805 
'  9-87410 
.  9-95222 

10-03514 
10-12644 
10-23163 
10 -36038 


Distances 
from 
Vertex. 

1»49  6-1  A 
2  47-6»I  a 
6  2-l«I  b 
9  19-9»1  e 
12  42  8»I(i 
16  12*8»Ie 
19  51-9«I/ 
23  42-5»I^ 
27  47-0»IA 
32  8-l»U 
36  48-5»I> 
41  51-3-.Ii( 
47  18-9»I/ 
53  13-5»Im 
59  36-2>ilii 
66  26'2»IB 

Total  dist.  AB» 


Distanoes 

between 

A&B. 

0  58-0»Aa 

3  14-5-a^ 

3  17-8»6e 

3  n'9»ed 

3  ZOO»d§ 

3  39-1-e/ 

3  50  6-/y 

4  4-5«^A 
4    21-l»ilt 

4  40*4-1,; 

5  2'S^Jk 
5    27*6-'it2 

5  54-6»Zfii 

6  22-7->mf» 
6    50'0-iiB 


2nd  Diff. 


3-3 

5  1 

7  1 

91 

11  5 

13-9 

16-6 

19*3 

22  4 

24-8 

27  0 

28  1 
27  3 


64    36-6»3876*6' 
or  3876  -6  nautical  miles. 


This  is  a  yery  conyenient  form  for  tabulating  the  results. 

The  firmula  by  which  these  computations  for  distances  have  been 
made,  is  deduced  from  Napier^s  Rules^  and  is  yer j  simple ;  it  runs 
thus, — 

As  rad.  :  sin.  perp.  pi  : :  tan.  polar  angle :  tang,  opposite  side,  or  dist. 

This  formula  for  computing  the  distances  from  vertex^  spherically  is 
preferable  to  that  alreaay  giyen ;  because  the  distances  thus  obtained 
from  the  perp.  and  polar  angles,  are  likely  to  involye  fewer  errors  than 
those  deriyed  from  the  latitudes  and  polar  angles,  inasmuch  as  the  lati- 
tudes have  been  previously  deduced  from  the  same  data,  and  are  there- 
fore liable  to  some  small  errors. 
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The  following  Table  exhibits  the  final  results  for  latitudes,  courses 
and  distances,  as  determined  by  Spherical  Trigonometry  and  by  Mer- 
cator*8  and  Middle  Latitude  Sailirig, 


I 


Vrtx 
Liz. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
IS 


I 


I 
A 

a 
h 
e 
d 

e 

f 

9 
h 
t 

i 
k 

I 

m 
n 
B 


Long. 

from 
Yertez, 

W. 


GO 


Long, 
from 
Greenwich 
W. 


o        ' 
2    21*6 


2    50*4     5    12  0 


4  20  4     6  42-0 

9  20  4    11  42  0 

14  20 '4   16  42  0 

19  20  -4 '  21  42  '0 

24  20-4   26  42*0 


Dim 
Long 


29    20-4 
34    20-4 


31    42*0 
36    42-0 


39  20*4  41  42  0 

44  20-4  46  42-0 

49  20-4  51  42-0 

54  20*4  56  42-0 


Kingston 


59    20-4   61  42-0 

I 

64    20*4   66  42-0 

I 

69    20-4   71  42  0 

74    20-4   76  42-0 


90 

■ .  * . 

300 
.  •  •  • 

300 

•  •  •  • 
300 

•  •  •  ■ 
300 

•  •  a  • 


^Latitudes 
on 
Great 
Circle. 


Diff. 
Lat. 


o 
50 


01 


49  58  0 

49  55*2 

49  37-5 

49  6-4 

48  21-3 

47    21-4 

300  j 
....46      5*6 

300 1 
....44    32*4 

300 
..    42    40-1 

300 
....    40    26-6 

300 
....  i37    49-9 

300 
....    34    47-5 

300 
....31     17-4 

300' 
....    27    17-9 

300! 
....    22    48*4 

300 

17    50-0 


.... 


0  2-1 
6' '2*8 

6  if'-f 

...... 

0  31-1 
6*45*1 
6*59*9 

i  is's 

1*33-2 
1*52-3 
2  is -5 
2*36-7 
3*2-4 
3'36'-i 
3'69**5 
4*29**5 
4' 58**4 


Meridnlt 
Puts. 


3474  6 
3471  -4 
3467 -0 
3439  -5 
3391  -9 
3323 -5 
3234  -2 
3123*6 
2991  -1 
2835  -9 
2657  -6 
2455  -1 
2229 -1 
1978-4 
1703*7 
1406  0 
1087-7 


ConrsMy 

Sonth- 

westerly. 


Distances  Distances 
bySpheri-  byMiddle 
calTrigo-'  Latitude 
nometry. ' 


8  87  14  W 

84  47, 

80  57, 

77  5, 

78  26, 
69  46, 
66  10, 
62  39, 
59  16, 
56  2, 
52  57, 
50  7, 
47  31, 
45  14, 
43  18, 


58-0 
194-5 
197-8 
202*9 
210-0 
219-1 
230-6 
244-5 
261  1 
280-4 
302-8 
327*6 
354-6 
382-7 
410.0 


3876  -6 


58-0 
194-5 
197-8 
203-0 
210-0 
219*2 
230-6 
244-4 
261-2 
280-5 
302-8 
327-7 
854*6 
382-7 
410  0 

3877  0 


Dij 

by 

cai 
Ss 


1 

1 
2 
2 
2 
2 
2 
2 
21 
31 
31 
3i 
3J 
4] 

38: 


I 

Total  distance  computed  by  Spherical  Trigonometry «  64 *"  36'  39''»3876  *65  nautical  zb 
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ON    CHARTS. 


The  term  chart  is  usually  applied  to  a  representation  of  such  portions 
of  the  surface  of  the  terraqueous  globe^  as  are  coioposed  principally  of 
water;  hence  charts  are  frequently  denominated  hydrographicalnuqis. 

In  these  the  inland  face  of  the  country  is  left  nearly  blanks  while  the 
9ea  coast  only,  with  the  objects  it  contains  of  principal  importance  to  the 
mariner,  such  as  light-houses,  beacons,  churches,  &c.  are  laid  down 
with  great  precision,  the  utmost  care  being  taken  to  delineate  the  rocks, 
aboals,  and  quicksands  in  the  sea,  whereby  the  safety  of  ships  may  be 
endangered.  The  depths  of  water,  or  soundings  of  the  principal  bays 
and  harbours,  and  the  direction  of  the  winds,  where  they  are  peculiarly 
prevalent,  together  with  the  variation  of  the  needle,  the  directions  and 
yriocities  of  the  currents,  and  whatever  other  particulars  may  serve  to 
direct  the  mariner  on  his  voyage,  or  to  warn  him  of  dangers  to  be  avoid- 
ed, are  introduced  and  marked  with  the  greatest  minuteness.  In  maps, 
the  sea  coast  is  generally  shaded,  or  softened  off,  from  the  land  towards 
the  sea,  but  in  charta  the  softening  off  is  in  the  contrary  direction ;  a 
want  of  3ue  attention  to  which  particulars,  frequently  tends  to  confuse 
the  unpractised  student  in  the  use  of  charts. 

In  addition  to  the  above  particulars,  plans  of  harbours,  ports,  &c.  are 
frequently  constructed  on  a  different  scale  to  the  general  chart,  and 
inserted  in  a  comer,  or  in  some  convenient  part  of  it,  for  reference  when 
the  ship  is  close  in  with  the  land ;  and  on  these  plans  are  commonly 
inserted  the  leading  marks  for  channels,  anchorages,  places  convenient 
for  landing,  and  for  watering,  together  with  many  other  useful 
details. 

Ihe  charts  principally  in  use  among  seamen  are  of  two  kinds,  the 
Plane  and  the  Mercatar's  Chart. 

^       PLA5E   CHARTS 

are  constructed  on  the  assumption  that  the  surface  of  the  earth  is  an 
extended  plane,  and  when,  on  these  charts,  it  is  attempted  to  exhibit 
the  latitudes  and  longitudes  of  places,  the  meridians  are  drawn  parallel 
to  each  other,  the  degrees  of  the  parallels,  and  those  of  the  meridians, 
being  represented  as  equal  to  the  degrees  of  the  equator  ;  hence  the 
relative  positions  of  different  places  are  so  erroneously  exhibited,  that 
they  are  of  scarcely  any  practical  utility.  Wheuj^  however,  from  the 
small  extent  of  surface  intended  to  be  represented,  neither  latitude  nor 
longitude  is  oonsideredy  no  material  error  will  occur ;  while  the  magni- 
tude of  the  scale  upon  which  such  small  portions  of  surface  can  be  repre- 
sented, affords  facilities  for  the  insertion  of  many  particulars,  which 
could  not  be  introduced  under  other  circumstances;  this  is  particularly 
the  case  in  plane  coasting  charts,  on  which  places  are  laid  down  according 
to  their  relative  pk>sitions,  and  angular  distances ;  and  these  charts  which 
are  designed  for  the  direction  of  mariners,  when  near  the  land,  and  sel^ 
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dom  comprehend  any  considerable  extent  of  coast,  will  not  deviate  mnch 
from  the  truth,  either  in  bearing  or  distance.  The  simplicity  of  their 
construction  renders  any  explanation  of  them  unnecessary,  we  shall 
therefore  proceed  to  the 

CONSTRUCTION   OF  THE  MEECAT0B8    CHARTS. 

The  general  principles  of  this  chart  having  been  already  described, 
under  the  head  of  Mercator's  Sailing,  the  mechanical  mode  of  construe* 
tion,  is  all  that  is  necessary  to  be  given  in  this  place* 

Observation.  In  this  chart,  as  in  all  other  maps  and  charts,  when  not 
otherwise  indicated  by  the^^ur  de  lis,  the  upper  side  represents  the  north 
and  the  lower  the  south ;  the  right-hand  denotes  the  east,  and  the  left^ 
hand  the  west. 

If  the  extent  of  surface  to  be  represented  be  whoDy  in  north  latitude, 
draw  a  line  near  the  bottom  of  the  paper,  to  represent  the  lowest  latitude 
but  if  the  surface  to  be  represented  be  wholly  south  latitude,  draw  the 
line  representing  the  lowest  latitude  near  the  top  of  the  paper.  Should 
the  portion  of  the  surface  to  be  delineated  lie  partly  in  the  northern,  and 
partly  in  the  southern  hemisphere,  draw  a  line  to  represent  the  equator 
at  a  proportional  distance  from  the  top  or  bottom  of  the  paper ;  on  the 
line  intended  to  represent  the  parallel  of  the  least  latitude,  lay  off  the 
proposed  number  of  the  degrees,  &c.  of  longitude,  from  a  scale  of  equal 
parts,  numbering  them  at  every  fifth  or  tenth  degree ;  this  line  will 
become  a  general  line  of  measures,  at  each  extremity  of  which  draw  a 
vertical  line,  to  represent  the  extreme  meridians.  Then  proceed  aa 
follows  :  from  Table  6,  take  the  meridional  parts  at  which  it  is  proposed'the 
chart  should  commence,  and  also  for  each  successive  degree  of  latitude  it 
is  designed  to  comprehend.  Find  the  meridional  difference  of  latitude 
between  the  lowest  parallel  and  each  succeeding  parallel  intended  to  be 
represented  in  the  chart,  and  dividing  them  by  60,  for  degrees,  &c.  take 
the  quotient  from  the  divided  parallel,  or  line  of  measures,  and  apply 
them  on  the  extreme,  commencing  at  the  parallel  of  the  lowest  latitude 
and  the  degrees  of  latitude  will  be  thus  determined.  If  the  scale  of  the 
chart  be  small,  the  meridional  parts  with  their  differences,  may  be  taken 
to  every  fifth  or  tenth,  instead  of  to  every  single  degree ;  on  the  contrary 
should  the  scale  of  the  chart  be  large  enough  to  admit  of  it,  a  subdivi*- 
sion  may  be  made,  both  of  the  degrees  of  latitude  and  longitude. 

Having  determined  the  foregoing  particulars,  the  meridians  and 
parallels  of  latitude  are  to  be  drdwn  at  such  intervals  as  may  be  deemed 
convenient,  and  every  remarkable  place  or  object,  comprised  within  the 
limits  of  the  chart,  is  to  be  inserted  from  its  known  latitude  and  longi- 
tude, together  with  such  other  particulars  as  have  been  before  mentioned 
as  being  essential  to  a  marine  chart ;  one  or  more  compasses  are  also  to 
be  drawn  in  the  most  convenient  parts  of  the  chart,  and  the  rhumb  lines 
extended  to  the  coast ;  finally,  the  coasts,  &c.  are  to  be  properly  shaded^ 
and  the  chart  will  be  completed. 
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USE  OF  MERCATOR's  CHART. 

To  find  the  laHiude  and  Umgitude  of  anyplace  or  point  on  the  chart. 

With  a  pair  of  compasses  take  the  distance  of  the  given  place  from  the 
nearest  parallel^  and  from  the  point  where  that  parallel  cuts  the  graduated 
meridian,  lay  off  the  distance  upon  that  meridian^  upwards  or  downwards 
according  as  the  place  may  he  north  or  south  of  the  parallel,  the  point  to 
which  the  distance  reaches,  will  he  the  latitude  of  the  place. 

In  the  same  manner  take  the  least  distance  of  the  given  place  from  the 
nearest  meridian,  and  from  the  point  where  that  meridian  cuts  the  gra- 
duated parallel,  lay  off  the  distance  to  the  east  or  west  of  the  said  meri- 
dian, the  point  to  which  this  distance  extends  on  the  graduated  parallel, 
will  be  the  longitude  of  the  place. 

Or,  the  edge  of  a  parallel  rule  laid  over  the  given  place,  parallel  to  the 
nearest  parallel  of  latitude,  will  intersect  the  graduated  meridian  in  the 
required  latitude ;  the  edge  of  the  rule  being  in  like  manner  applied  to 
the  given  place,  and  parallel  to  the  nearest  meridian,  will  intersect  the 
graduated  parallel  in  the  required  longitude. 

From  the  knoum  latitude  and  longitude  of  a  place ^  to  determine  its 

position  on  the  chart. 

Lay  the  edge  of  a  scale  over  the  parallel  of  the  given  latitude,  on  one 
of  the  divided  parallels  take  the  distance  of  the  nearest  meridian  line  from 
the  given  longitude,  apply  this  distance  in  the  same  direction,  from  the 
point  where  the  same  meridian  line  is  intersected  by  the  scale,  and  the 
point  to  which  the  distance  reaches,  will  be  the  required  position  of  the 
place. 

To  find  the  course  or  bearing  between  two  places  on  the  chart. 

Lay  one  of  the  edges  of  a  parallel  rule  over  both  the  places,  then  move 
the  two  parts  of  the  rule  in  succession,  till  the  edge  of  one  of  them  passes 
through  the'centre  of  a  compass  on  the  chart,  and  that  edge  will  indi- 
cate the  course. 

Or,  if  a  pencU  line  be  drawn  along  the  edge  of  the  scale,  cutting  any 
meridian,  the  angle  included  between  the  line  and  the  meridian,  will  be 
the  course. 

Or,  lastly,  having  applied  the  edge  of  the  scale  to  the  places  as  before 
place  one  foot  of  a  pair  of  compasses  in  the  centre  of  one  of  the  com- 
passes drawn  in  the  chart,  and  with  the  other  take  the  nearest  distance, 
between  the  centre  of  the  compass  and  the  edge  of  the  scale,  carry  this 
extent  along  the  edge  of  the  scale,  carefully  observing  to  keep  the  com- 
passes  in  such  a  position,  that  while  one  point  touches  the  edge  of  the 
acale,  the  imaginary  line  between  them  may  be  perpendicular  to  that 
edge,  then  the  line  described  by  that  point  of  the  compasses  which  passes 
through  the  compass  on  the  chart,  will  indicate  the  course  or  bearing 
required. 
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To  find  the  distence  between  any  two  placet  en  the  chart. 

If  the  places  are  on  the  same  meridiaiiy  mark  the  points  where  their 
parallels  intersect  the  graduated  meridian^  at  the  side  of  the  chart ;  the 
degrees  and  parts  comprehended  between  them,  is  the  difierenoe  of 
latitude,  which  is  also  their  distance.  When  the  two  places  are  on  the 
same  parallel  of  latitude,  take  half  their  distance  and  lay  it  off,  on  the 
graduated  meridian  both  ways,  from  that  point  in  which  it  is  intersected 
by  their  parallel ;  the  degrees  of  the  meridian  intercepted  between  these 
two  points,  will  be  the  distance  of  the  places  nearly. 

But  if  the  places  differ  both  in  latitude  and  longitude,  take  the  distance 
between  them  and  apply  it  to  one  of  the  graduated  meridians,  so  that  one 
foot  of  the  compasses  may  be  as  much  above  one  place,  as  the  other  foot 
is  below  the  other  place,  the  degrees  and  minutes  contained  between  these 
two  points  will  be  the  distance  required,  which  may  be  reduced  to  miles 
in  the  usual  manner. 

If,  however,  the  places  lie  nearly  in  a  parallel,  take  half  their  distance 
and  apply  it  both  upwards,  and  downwards  on  the  graduated  meridian, 
from  the  middle  parallel  of  latitude  between  the  two  places,  and  the 
degrees  of  the  meridian  contained  between  the  two  points,  will  be  the 
required  distance. 

The  distance  between  the  two  places  may  also  be  found  in  the 
following  manner,  which  is  founded  on  the  principles  of  Mercator's  sail- 
ing, as  resolved  by  construction. 

Find  the  difference  of  latitude  between  the  two  places,  and  take  it  from 
one  of  the  graduated  parallels,  then  having  applied  the  edge  of  a  scale  to 
the  two  places,  lay  the  difference  of  latitude,  before  taken  off,  on  the 
meridian,  from  the  latitude  of  either  of  the  places.  Through  the  point 
to  which  this  difierence  of  latitude  extends,  draw  a  parallel  of  latitude  in 
pencil,  cutting  the  edge  of  the  scale,  and  the  distance  of  this  point,  from 
the  place  from  whose  latitude  the  difference  of  latitude  was  extended^ 
will,  if  measured  on  the  graduated  parallel,  be  the  true  distance  of  the 
places. 


DESCKIPTION   AND   USE   OF   INSTRUMENTS. 


The  Instruments  chiefly  used  for  taking  the  altitudes  of  celestial 
objects  at  sea,  and  measuring  the  angular  distance  between  them,  are 
the  Quadrant,  Sextant,  and  Reflecting  Circle;  which  being  all  very 
umilar  in  general  principle,  we  shall  for  tlie  sake  of  brevity,  confine 
our  description  to  the  two  former.* 

*  We  Bhall  uot  attempranything  more  than  a  very  general  description  of  these  instm- 
menti  and  their  nses;  profideucy  in  the  method  of  adjusting  which,  as  well  as  in  taking 
the  obsenrations  themselves,  b  only  to  be  accjnired  by  practice,  and  that,  if  possible, 
under  the  direction  of  a  skilful  observer. 
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THE  QUADRANT. 


The  frame  of  which  is  generally  made  of  ebony,  contains  an  ivory 
aro  of  45^  but  which  on  account  of  the  double  reflection,  is  divided  into 
90  equal  parts  called  degrees,  and  read  off  accordingly ;  these  divisions 
are  again  subdivided  into  three  equal  parts  of  20m.  each,  and  which,  by 
means  of  the  vernier  or  scale  attached  to  the  index,  may  be  read  off  to 
rangle  minutes. 

The  arc  is  commonly  graduated  to  a  few  degrees  more  than  90  ;  it 
also  extends  from  0  a  few  degrees  towards  the  right-hand,  called  the 
are  of  excess ;  these  parts,  however,  cannot  be  properly  included  in 
that  part  of  the  instrument,  which  strictly  speaking,  is  called  the  quad- 
rant : — ^the  same  may  be  observed  respecting  the  sextant. 

The  quadrant  is  generally  used  for  taking  the  altitude  of  an  object,  but 
for  measuring  the  angular  distance  of  the  moon  from  the  sun,  a  star,  &c. 
recourse  must  be  had  to 


THE   SEXTANT. 

The  frame  of  which  is  also  sometimes  made  of  ebony,  with  an  ivory 
arc,  but  more  commonly  of  brass,  or  other  hard  metal.  The  arc  of 
the  sextant  (independent  of  the  odd  degrees  alluded  to  in  describing 
the  quadrant)  consists  of  the  sixth  part  of  the  circle,  or  sixty  degrees, 
bat  is  divided  into  120** ;  ever  jr  degree  on  thoso  instruments  that  have 
ivory  arcs,  being  subdivided  mto  three  parts  of  20'  each  ;  and  these 
arc  by  the  vernier  again  subdivided  into  half  minutes. 

The  principle  of  its  construction  may  be  understeod  better  from  the 
foDowing  figure  and  demonstration. 

Let  ABC  represent  a  sextant,    having  an 
index,  ao,  (to  which  is  attached  a  mirror  at  a)       *.^ 
moveable  about  a  as  a  centre,  and  denoting  the  '\.       X 

angle  it  has  moved  through,  on  the  arc  BC  ;  also  \    \ 

let  the  half-silvered  (or  horizon)  glass,  a  i,  be        H         Xi  a 
fixed  parallel  to  ac  ;  now  a  ray  of  hght,  sa,  from  /K 

a  celestial  object,  s,  impinging  against  the  mir-  d/  /     l\ 

ror,  A,  is  reflected  off  at  an  equal  angle,  and      ....)Z._4....\E 

BtrSdng  the  half-silvered  glass  at  d,  is  again  v\    M       \ 

reflected  to  e,  where  the  eye  likewise  receives         /        ^-    \       \ 
through  the  transparent  part  of  that  glass  a       /  \  I         \ 

direct  ray  from  the  horizon.     Then  the  aiti-     K'^^*-....^    M  ^^--^ 
tude,  8AH,  is  equal  to  double  the  angle  cao,  ^ 

measured  upon  the  limb  bc,  of  the  instrument. 

For  the  reflected  angle  bao,  (or  DAF)=the  incident  angle  sai,  and  the 
reflected  angle  &DE=the  incident  ai)A  =  DAE=nEA,  because  ab  is  paral- 
lel to  AC.  Now,  HAi=DrA=(FAB-f  FEA,)  and  DAB  being  equal  to  dba, 
it  follows  that  hai=(dae  +  fae.)  From  hai  and  (dab  +  fab)  take  the 
equal  angles,  sai  and  daf,  and  Uiere  remains  sah3x2fae,  or  2oac,  or  in 
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other  words,  tho  angle  of  eleyation,  sah,  is  equal  to  double  the  angle  of 
inclination  of  the  two  mirrors,  doa  being  equal  to  oac. 

Hence  the  arc  on  the  limb,  bc,  although  only  the  sixth  part  of  a  cir- 
cle, is  divided  as  if  it  were  120**,  on  account  of  its  double  being  required 
as  the  measure  of  cab,  and  it  is  generally  extended  to  140"*. 

On  some  sextants  haying  metal  arcs,  a  degree  is  divided  into  six  equal 
parts  of  10'  each,  and  the  vernier  reads  oflF  to  lO'' ;  but  more  fi^quently 
the  degrees  on  the  limb,  or  arc,  are  divided  into  four  parts,  each  con- 
taining 15',  and  the  minutes  on  the  vernier  into  a  like  number  of  parts 
equal  to  Id''  each. 

A  portion  of  the  arc  of  a  sextant,  thus  divided,  is  shewn  in  Fig.  2, 
with  the  vernier  attached ;  to  read  off  which,  or  any  other  angle  shewn 
by  the  sextant,  (properly  so  called,)  it  is  necessary  to  observe  what 
division  on  the  vernier  exactly  coincides  with  one  on  the  arc  ;  then  these 
minutes  and  seconds  being  added  to  the  degree  and  part  of  a  degree  on 
the  limb  immediately  preceding  the  0  on  the  vernier,  will  be  the  value 
of  the  angle  required ;  thus,  in  the  figure,  the  division  on  the  arc  which 
immediately  precedes  the  0  on  the  vernier  is  26°  15',  and  the  division 
on  the  vernier  exactly  coinciding  with  one  on  the  arc,  is  the  second  or 
30",  to  the  left  of  7',  therefore  25°  15' +  7'  30" =25^  22'  30"  the  angle 
shewn  by  the  index  division.  In  the  same  manner  may  any  other  angle 
either  on  the  quadrant  or  sextant  be  read  off  according  to  the  parts  into 
which  the  degree  is  divided  and  subdivided  by  the  vernier. 

It  sometimes  happens,  as  in  finding  the  index  error,  &c.  that  the  index 
division  is  to  the  right  of  the  0  on  the  arc,  or  on  the  arc  of  excess,  in 
which  case  in  reading  off  the  minutes  and  seconds  on  the  vernier,  the 
terminating  line  is  to  be  considered  as  the  zero  point,  and  the  divifflons  are 
to  bo  Goimted  backwards  or  from  left  to  right :  thus,  suppose  on  an  in- 
strument, the  vernier  of  which  is  divided  as  in  the  figure,  the  zero  point  on 
the  vernier  was  somewhat  more  than  five  divisions  to  the  right  ofO,  on 
the  arc,  and  that  the  second  long  division  on  the  vernier,  from  the  left 
hand  or  terminating  line  marked  15,  coincided  exactly  with  a  division 
on  the  arc,  then  the  whole  angle  would  be  1°  17',  that  is,  1°  15'  on  the 
arc  of  excess,  and  2'  on  the  vernier.  As  it  is  highly  necessary  that  the 
observer  should  be  able  to  correct  tho  errors  of  3ie  instrument,  we  shall 
now  proceed  to  explain 


The  Adjustments  of  the  Sextant.* 

To  set  the  Index  glass  perpendicular  to  the  plane  of  the  sextant. 
Hold  the  instrument  horizontally  with  the  face  upwards^  and  having 

*  The  adjustment  of  the  quadrant  being  in  all  respects  similar  to  those  of  the  sextant, 
renders  any  separate  description  quite  unnecessary* 


USB    OF    IN9T11UMEMTS.  110 

set  the  index  to  about  60"";  bring  the  index  glass  near  to  the  eye ;  look 
obliquely  into  it  so  as  to  see  the  image  of  the  arc^  if  this  image  form  one 
unbroken  line  with  the  arc  itself,  neither  rising  above  nor  sinking  below 
it^  the  glass  is  adjusted,  if  not,  the  reflected  arc  must  be  gradually 
brought  into  the  plane  of  the  true  arc,  by  means  of  the  screws  at  the 
back  of  the  glass.  This  adjustment  is  seldom  found  to  be  necessary, 
the  index-glass  being  in  general  securely  fixed  in  its  proper  position  by 
the  maker. 


7o  set  the  horizon  glass  perpendicular  to  the  plane  of  the  instrument. 

Jjet  O  on  the  vernier  coincide  with  0  on  the  arc ;  clamp  the  index^ 
and  holding  the  instrument  horizontally,  observe  through  the  glass  the 
marine  horizon  or  other  distant  object,  giving  the  instrument  at  the 
same  time  a  small  waving  motion,  if  the  reflected  image  and  the  real 
object  continue  to  coincide,  no  adjustment  is  required ;  if  the  image  be 
the  lower^  the  glass  inclines /(;rti;ard',  if  it  be  the  higher,  the  glass  leans 
backward,  the  position  must  in  either  case  be  rectified  by  the  screws. 

To  set  the  horizon-glass  parallel  to  the  index-glass,   the  index 

being  at  zero. 

The  0  on  the  vernier  being  brought  exactly  to  0  on  the  arc,  hold  the 
instrument  in  a  vertical  position,  and  direct  the  sight  through  the 
sight-vane,  to  a  well  defined  part  of  the  horizon,  or  any  well  defined 
distant  object,  then,  if  the  horizon  seen  in  the  silvered  and  transparent 
parts  of  the  horizon-glass  coincide,  the  horizon-glass  is  truly  adjusted ; 
if  otherwise,  it  is  out  of  adjustment,  and  must  be  corrected  by  means  of 
the  screws  which  are  attached  to  the  instrument,  (generally  at  the  back,) 
for  that  purpose. 

This  adjustment  may  also  be  made  as  follows,  bring  the  two  zeros 
exactly  to  coincide,  and  clamp  the  index ;  now  screw  on  the  telescope, 
and  by  means  of  the  screw  at  the  back  of  the  instrument,  bring  the  tele- 
scope into  such  a  position,  that  its  field  may  be  exactly  bisected  by 
the  line  which  separates  the  silvered  and  transparent  parts  of  the 
horizon  glass. 

Hold  the  sextant  vertically,  and  direct  the  sight  through  the  telescope 
to  the  sea-horizon,  then  if  the  reflected  and  true  horizons  coincide,  the 
glass  needs  no  adjustment ;  but  if  this  be  not  the  case,  make  them  to 
coincide  by  means  of  the  tangent  screw,  or  the  two  screws  which  in 
some  instruments  are  placed  near  the  horizon-glass  for  that  purpose. 

In 'adjusting  by  these  screws,  great  care  must  be  taken  that  when  one 
is  slackened,  the  other  must  be  tightened,  in  order  to  prevent  the  horizon- 
glass  from  altering  its  position,  in  consequence  of  the  screws  not  bearing 
sufficiently  against  each  other.  The  adjustment  made  by  these  screws 
is  less  liable  to  derangement,  than  that  effected  by  the  tangent  scre^. 
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To  find  the  Index  error. 

The  most  accurate  method  of  dfung  this,  is  as  follows. — Screw  on  the 
inverting  telescope,  and  having  adjusted  it  to  the  true  focus,  turn  up  one 
or  more  of  the  shades,  both  before  and  behind  the  horizon-glass^  observ- 
ing to  make  the  direct  and  reflected  suns,  asnearly  as  possible,  of  an  equal 
degree  of  brightness,  taking  care  at  the  same  time  to  preserve  a  distinct 
and  well  defined  edge  :  bring  the  0  on  the  vernier  about  35  minutes  to 
the  right  of  0  on  the  limb,  clamp  the  index,  and  holding  the  instrument 
in  a  vertical  position,  bring  the  direct  and  reflected  suns  in  exact 
contact  by  the  tangent  screw,  read  off  the  minutes  and  seconds 
indicated  by  the  vernier  on  the  arc  of  excess^  which  call  off-. 
now  set  the  0  on  the  vernier  to  about  35  minutes  to  the  left  of  0, 
on  the  arc,  then  make  an  exact  contact  as  before,  and  note  down  the 
minutes  and  seconds  now  shewn  by  the  vernier,  which  call  on.  If  the 
two  readings  are  alike,  there  is  no  index  error  ;  if  they  are  unlike^  find 
their  difference,  half  of  which  is  the  index  error  additive,  when  the  arc 
to  the  right  of  the  zero  point  is  greater  than  to  the  left  of  it^  and 
vice  versa. 

When  the  contacts  are  correctly  made,  one  quarter  of  that  sum 
will  be  equal  to  the  sun's  semi-diameter,  as  given  in  page  II  of  the 
month,  in  the  Nautical  Almanac. 

Examples. — 1.  On  observing  the  sun  for  the  purpose  of  determining 
the  index  error,  the  indication  of  the  vernier  on  the  arc  of  excess  was 
34'  15",  and  on  the  left  of  the  0  or  zero  point  31' 40^;  required  the 
exact  error  of  the  instrument. 


Off 

on 

34'  15'^  + 

31     40  — 

2}  2    35 
Index  error   -     1     17'5-f 

2.  Observing  for  the  same  purpose,  the  indications  of  the  vernier  were 
as  under;  required  the  index  error. 


Off 30'  15"  + 

on 31     35  — 


2)  1     20 


Index  error    0    40— 


1 
f 


If  at  the  time  of  taking  the  observations,  the  sun's  altitude  be  less 
than  20®,  his  horizontal  instead  of  his  vertical  diameter,  should  be 
taken,  on  account  of  the  increased  refraction  near  the  horizon,  whereby 
his  perpendicular  diameter  is  diminished,  while  his  horizontal  diameter 
(which  is  that  given  in  the  Nautical  Almanac,)  remains  unaltered.  In 
this  case  the  sextant  is  to  be  held  horizontally  with  the  &ce  upwards,  and 
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Ihe  ooBtaet  of  the  reflected  with  the  direct  sun^  is  to  be  made  alternately 
with  the  right  and  left  limbs  of  the  latter,  in  the  manner  already 
explained* 

To  sH  ihe  4ix%8  of  the  telesetyfe  parallel  to  the  plane  of  the  sextant. 

Having  screwed  on  the  telescope^  turn  the  tube  containing  the  eye^ 
glass  till  two  of  the  wires  are  parallel  to  the  plane  of  the  instrument. 
Select  two  distant  objects^  as  two  stars  of  the  first  magnitude^  a  star  and 
the  moon,  or  the  sun  and  moon^  (the  latter  are  to  be  preferred,)  whose 
distance  (in  order  that  the  error  may  be  the  more  obvious,)  should  not 
be  less  than  from  100''  to  120^ ;  make  the  contact  of  the  limbs  of  these 
objects  as  perfect  as  possible  at  the  wire  which  is  nearest  the  plane  of 
the  sextant,  and  fix  the  index,  move  the  instiniment  a  little  so  as  to  make 
the  objects  appear  at  the  other  wire,  and  if  the  same  limbs  are  still  in 
contact  the  axis  of  the  telescope  is  duly  adjusted,  but  if  the  limbs  of  the 
objects  appear  to  separate  or  partly  to  cover  each  other,  it  shows  that  the 
object-end  of  the  telescope  inclines  towards  the  plane  of  the  instrument 
in  the  former  case,  and  declines/rom  it  in  the  latter ;  in  the  first  instance 
the  rectification  is  made  by  tightening  the  screw  of  the  double  collar,  in 
which  the  telescope  is  fixed,  that  is  nearest  the  sextant,  and  slackening 
the  screw  which  is  most  distant  from  it,  in  the  latter  instance  the 
operation  is  reversed. 

If  the  moon  be  one  of  the  objects,  the  adjustment  must  be  made  very 
expeditiously,  or  the  moon's  apparent  motion  in  the  interval  must  be 
allowed  for. 

The  sextant  is  chiefly  employed  to  measure  the  angular  distance 
between  the  sun  and  moon,  or  the  moon  and  a  fixed  star;  it  is  also 
firequently  used  to  take  the  altitude  of  a  celestial  object  when  great 
accuracy  is  required :  but  altitudes  for  determining  the  latitude,  are 
genendJy  taken  by  the  quadrant,  which  is  sufficiently  exact  for  that 
purpose. 

To  take  an  altitude  of  the  sun^  Ifc.  at  sea.^ 

Set  the  index  to  0,  put  down  one  or  more  screens  before  the  central 
mirror,  according  to  the  brightness  of  the  sun.  Hold  the  instrument 
perpendicularly,  and  direct  the  sight  through  the  sight-vane  and  horizon- 
glass,  to  that  part  of  the  horizon  which  is  exactly  under  the  sun. 
Advance  the  index  gradually  forward  with  the  left  hand,  and  the  image 
of  the  sun  will  appear  to  descend  towards  the  horizon ;  give  the  instru- 
ment a  slow  vibratory  motion  round  the  line  of  sight,  and  make  the 
lower  or  upper  limb  of  the  sun  just  touch  the  horizon.  Clamp  the 
index,  and  make  the  contact  perfect  by  turning  the  tangent  screw.  The 
angle  then  pointed  out  by  the  index  will  be  the  observed  altitude  of  that 
Umb  which  is  brought  in  contact  with  the  horizon. 

■^  It  has  not  been  thought  neoessarf  to  give  any  directions  for  taking  tn  altitads  by  « 
back  obaenntion,  that  method  being  now  entirely  tUnued. 
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For  great  aeeoncy,  the  tdeaoope  pierioiiBly  adjusted  to  distiiicC 
timxm,  should  be  screwed  in  after  a  rough  contact  has  been  made,  and 
care  must  be  taken,  that  the  tme  contact  be  made  in  the  exact  eentrs  of 
the  field. 

In  the  same  manner,  an  altitude  of  the  moon  or  a  star  may  be 
taken,  observing,  that  whea  the  moon  is  the  object,  her  enlightened  side 
whether  it  be  the  upper  or  lower,  is  to  be  brought  in  contact  with  the 
horizon. 

In  order  to  pbtain  the  meruUan  dUUuie^  the  observation  should  be 
commenced  a  few  minutes  before  the  object  culminates.  When  brought 
down  to  the  horizon,  it  wUl  appear  for  a  few  minutes  to  rise  slowly,  and 
is  again  to  be  brought  in  contact  vrith  the  horizon  by  moving  the  index 
forward,  and  this  operation  must  be  carefully  repeated  until  the  object 
begins  to  descend,  the  index  is  then  to  be  secured,  and  the  angle  raad  off 
as  before  directed. 

To  observe  the  angular  £Mtance  between  the  moon  and  sun,  ifc. 

When  the  angular  distance  between  the  moon  and  the  sun,  a  planet 
or  a  fixed  star  is  to  be  observed,  the  instrument  is  to  be  held  so  that  its 
plane  produced  may  pass  through  both  objects  and  the  eye  of  the 
observer.  The  sight  is  to  be  directed  to  the  less  luminous  of  the  two, 
and  the  reflected  image  of  the  other  brought  in  contact  with  it,  exactly 
in  the  centre  of  the  fieldof  the  telescope ;  it  is  obvioustherefore,  that  when 
the  brighter  object  is  to  the  right  of  the  other,  the  face  of  the  sextant 
is  to  be  turned  upwards, — ^the  instrument  in  this  case  should  be  supported 
with  the  right-hand,  and  the  index  moved  with  the  left.  But  when 
the  brighter  object  is  to  the  left,  the  instrument  must  beheld  face  down- 
wards, and  the  image  of  the  left-hand  object  brought  to  touch  the  right- 
hand  one  seen  directly :  to  effect  this,  the  sextant  should  be  held  with 
the  left-hand,  and  the  index  guided  with  the  right. 


THE   ARTIFICIAL  HORIZON, 

Consists  of  a  horizontal  plane,  having  a  perfectly  smooth  horizontal 
surface,  capable  of  reflecting  back  to  an  eye  properly  situated  for  receiving 
them,  the  rays  of  the  sun,  or  other  object  falling  upon  it.  Such  a 
surface  may  be  obtained  in  various  ways ;  but  the  best  kind  of  artificial 
horison '  consists  of  a  small  shallow  trough  or  marble  basin  containing 
quicksilver,  which  is  protected  from  the  action  of  the  wind  by  a  rooj  * 
ttie  opposite  sides  of  which  contain  plate-glass,  the  two  sides  of  each 
plate  Doing  ground  perfectly  plane  and  parallel.  This  frame  is  generally 
made  to  fold  together,  and  pack  up  in  a  small  box,  containing  also  a 
little  bottle  of  quicksilver,  the  whole  apparatus  being  thus  rendered  com- 
pact and  portable. 

This  instrument  is  used  in  conjunction  with  the  sextant  for  taking 
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mhitudes  on  shore,  for  which  purpose  it  is  to  be  placed  at  a  convenient 
distance  from  the  observer,  and  in  such  a  position  with  regard  to  him 
and  the  sun,  that  he  may  not  only  see  the  sun  itself,  but  also  its  image 
reflected  from  the  artificial  horizon.  The  sextant  being  duly  prepared 
for  observation,  the  upper  or  low^  Umb  of  the  sun^s  image  reflected  from 
the  horizon-glass,  is  to  be  brought  into  contact  with  the  contrary  limb  of 
the  image  r^ected  from  the  artificial  horizon.  Now,  since  the  image  of 
the  object  in  the  quicksilver  appears  just  as  much  below  the  horizon  as 
the  body  itself  appears  above  it,  the  angle  given  by  the  instrument  after 
being  corrected  for  the  index  error,  (if  any)  will  be  double  the  altitude 
of  the  observed  limb  above  the  horizon ;  one  half  of  this  angle  there- 
fore, corrected  for  refraction,  parallax,  and  semi-diameter,  will  be  the 
tme  altitude  of  the  sun's  centre. 

It  must  be  observed,  that  when  the  inverting  telesebpe  is  used,  the 
apper  limb  appears  as  the  lower,  and  the  lower  as  the  upper;  also,  that 
altitudes  exceeding  60**  are  inaccessible  to  the  common  sextant,  the  limits 
of  which  do  not  extend  beyond  120**. 

Example,  January  11,  1852,  upon  making  a  contact  between  the 
sun's  lower  Umb  reflected  from  the  index-glass  of  the  sextant,  and  his 
upper  limb  reflected  from  the  artificial  horizon,  the  angle  on  the  instru- 
ment was  104 ""  30"  10"';  what  will  be  the  true  altitude  of  the  sun's 
eentre,  the  tndex^error  being  1'  SO''  to  subtract  ? 

Observed  angle 104^30'   10'' 

Index  errorj .»  1     50 

104     28     20 

Apparent  altitude  Q's  1. 1 52  14  10 

Correction  for  refraction  and  parallax  1  n  iq 

T.13 ;  -  u  6V 

Sun's  semidiameter,  N.A.  p  II. . . .  +  16  17 

Troa  altitude  of  0*8  centre 52    29    48 


liU  AgTHOHOMT. 


ASTKOIirOMY. 

Astronomy  is  that  science  wliich  treats  of  the  nature  and  motions  of 
the  heavenly  bodies,  explains  the  varions  phenomena  which  those  bodies 
exhibit^  and  demonstrates  the  laws,  by  which  their  motions  are  governed 
andregokted. 

The  heavenly  bodies  may  he  divided  into  two  great  classes,  the  foeed, 
and  erratic.  The  fixed  eiars,  are  so  called,  on  account  of  their  preserving 
immutably  the  same  distances  and  bearings  from  each  other ;  for 
although  by  means  of  very  delicate  observations,  persevered  in  through 
a  long  series  of  years,  or  even  ages,  astronomers  have  succeeded  in  dis- 
covering that  many  of  them  are  in  a  state  of  absolute  motion,  yet  this 
motion  is  so  extremely  slow,  (even^in  those  stars  whose  change  of  place 
is  most  perceptible,)  that  its  accumulated  amount,  even  from  the  earliest 
times  of  recorded  astronomical  observations,  has  been  insufScient  to 
effect  any  visible  alteration,  or  such  as  the  naked  eye  can  detect,  in  the 
uniformity  of  aspect  presented  by  the  starry  hpsts. 

The  erratic  bodies,  or  those  which  seem  to  have  a  proper  motion  of 
their  own,  and  to  perform  a  complete  revolution  in  the  heavens  in  diffe- 
rent periods,  and  in  the  various  paths  assigned  them,  are  the  Sun,  the 
Planets,  and  the  Comets^  which  together  constitute  what  is  (Sailed,  the 
Solar  System. 

THE    PLANETARY    SYSTEM. 

Thb  Planetary  System  consists  of  the  sun  and  planets,  the  latter 
being  divided  into  three  kinds,*Priinflry  Planets,  Minor  Primary  Planets, 
and  Secondary  Planets,  commonly  called  Satellites  or  Moons. 

The  Primary  Planets  are  those  which  revolve  round  the  sun,  as  their 
centre  of  motion ;  they  are  nine  in  number,  their  order  in  the  system, 
and  the  names  and  characters  by  which  they  are  distinguished,  being  as 
follow:  Mercury?,  Venus?,  Terra  ©  the  Earth,  Mars  (J,  Jupiter  V, 
Saturn  ^  ,  Uranus  1^,  known  also  as  the  Georgium  Sidus,  and  sometimes 
called  Herschel,  and  Neptune,  discovered  in  1848. 

The  Minor  Primary  Planets  are  now  increased  to  the  number  of  12, 
by  the  recent  discoveries ;  they  revolve  round  the  sun,  as  a  centre, 
between  the  orbits  of  Mars  and  Jupiter,  but  are  distinguished  from 
the  primary  planets  by  their  diminutive  size,  and  by  the  form  and 
position  of  their  orbits. 

The  planets  Mercury  and  Venus,  whose  orbits  are  comprehended  by 
that  of  the  earth,  are  called  inferior  planets,  while  the  rest  of  the  primary 
and  all  the  minor  primary  planets,  being  more  remote  from  the  sun  than 
the  earth  is,  and  consequently  revolving  about  him  in  orbits  which,  on  all 
sides  enclose  that  of  the  earth,  are  called  superior  planets. 
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The  Seetmdarjf  PJaneis  or  SaieBUes,  are  those  bodies  which  reroire 
rannd  their  respective  primaries^  as  their  centre  of  motion,  in  the  same 
manner  as  the  primsry  planets  circulate  aboat  the  sun.  The  number  of 
aatellites  at  present  known  is  twenty ;  the  Moon  <  which  attends  on 
our  Earthj  four  belonging  to  Jupiter,  seven  to  Saturn,  six  to  Uranus, 
and  two  to  the  newly  discovered  planet  Neptune. 

The  Sun  0. 

This  stupendous  luminary,  the  great  source  of  light,  heat^  and 
TegetatioD,  to  the  planetary  bodies  which  circulate  about  him,  is  an  im- 
mense globe  883,246  miles  in  diameter. 

Of  such  a  globe  we  can,  of  course,  form  no  definite  idea :  it  may, 
hoiwever,  assist  the  student  in  obtaining  something  like  a  distinct  con- 
ception of  its  vast  magnitude,  to  know,  that  were  the  centre  of  the  sun 
made  to  coincide  with  that  of  the  earth,  the  solid  body  of  the  former 
would  extend  nearly  twice  as  far,  in  every  directi(»,  as  the  moon  is  from 
us ;  in  other  words,  a  person  at  the  centre  of  the  sun,  in  order  to  reach 
its  surface,  would  have  very  nearly  as  long  a  journey  to  perform,  as  he 
wovlAiatraveUmgfiram  the  centre  of  the  earth  to  that  of  the  moon,  and 
back  again  ;  yet  this  enormous  orb,  on  account  of  its  great  distance  from 
us,  which  may  in  round  numbers  be  stated  at  95,000,000  miles,  appears 
to  the  eye  not  much  lai^r  thai^  the  moon. 

Before  we  proceed  to  describe  the  planetary  bodies,  it  will  be  proper, 
in  order  to  avoid  unnecessary  repetitions,  to  mention  a  few  circumstances 
which  are  common  to  all  the  planets  in  the  system,  whether  primary, 
minor  primary,  or  secondary. 

The  oriit  in  which  a  primary  planet  revolves  round  the  sun,  or  a  satel- 
lite round  its  primair,  is  not  of  a  circular,  but  of  an  elliptical  form;  and 
the  body  about  which  the  revolution  is  performed,  instead  of  being  placed 
in  the  centre,  is  situated  in  one  of  the  foci  of  the  ellipse.* 

Without  referring  to  its  geometrical  construction,  (rules  for  which  may 
be  found  in  most  treatises  on  practical  geometry)  an  ellipse  may  be  thus 
mechanically  described :  Let  a  thread,  having  the  two  ends  tied  together, 
be  thrown  over  a  couple  of  pins,  fixed  upright  upon  a  plane,  at  any  dis- 
tance apart  less  than  the  length  of  the  thread  thus  doubled  will  reach, 
then  a  pen  or  pendl  carried  round  within  the  thread,  and  keeping  it 
stretched  out  to  its  utmost  extent,  will  describe  upon  the  plane  an  ellipse, 
which  will  be  more  or  less  elliptical  in  proportion  to  the  greater  or  less 
distance  of  the  pins  from  each  other. 

The  points  m  which  the  pins  were  fixed  are  called  the  foci  of  the 
ellipse,  and  have  this  particular  property,  that  if  two  right  lines  be 
drawn  from  them  to  any  point  in  the  circumference,  the  sum  of  these 
two  lines  is  equal  to  the  longer  axis  of  the  ellipse,  or  that  in  which 
these  points  are  situated. 


if  partienlarlj  worthy  the  attention  of  the  nautical  student,  many  of 
tiie  piiHiOwmna  by  which  hia  cakolationi  are  affwtod,  raaaltiBg  ftom  the  oauaea  heie 
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Let  the  ellipse  apde  represent  the  orbit  of 
a  planet,  the  sun  is  not  placed  at  c,  the  cen- 
tre of  the  orbit,  bat  at  a,  one  of  the  foci  of 
the  ellipse,  when  the  planet  therefore  is  at  p,  i 
it  is  in  that  point  of  its  orbit  which  is  nearest 
the  sun,  and  is  said  to  be  in  perihelion. 

In  performing  its  revolution  round  the 
sun,  its  distance  from  that  luminary  gradually  increases  till  it 
reaches  the  opposite  point  a,  of  its  orbit,  when,  being  at  its  greatest 
distance  from  the  sun,  it  is  said  to  be  in  aphelion^  when  it  arrives  at  the 
points  D  and  e  of  its  orbit,  it  is  said  to  be  at  its  mean  distance. 

The  points  a  and  p  of  the  orb)]!:,  the  one  of  which  is  farthest  from,  and 
the  other  nearest  to  the  sun,  are  called  the  apsides,  the  former  of  which 
is  denominated  the  higher ,  and  the  latter  the  lower  apsis;  and  the  line 
AP,  which  joins  these  points,  is  called  the  line  of  the  apsides,  and  also 
the  greater  or  transverse  axis ;  be  is  the  lesser  or  conjugate  axis ;  s  the 
lower  focust  or  that  in  which  the  sun  is  placed,  and  s,  the  high^  focus, 
8C  or  sc  the  eccentricity  of  the  orbit,  and  sd  or  se  the  mean  distance. 

The  mean  distance  added  to  the  eccentricity  is  equal  to  the  aphelion 
distance,  sa,  and  the  mean  distance,  less  the  eccentricity,  is  equal  to 
the  perihelion  distance,  sp;  consequently  the  difference  between  the 
aphelion  and  perihelion,  or  greatest  and  least  distances  of  a  planet  from 
the  sun,  is  equal  to  double  the  eccentricity  of  the  orbit  of  that  planet. 

In  proceeding  from  its  aphelion  to  its  perihelion,  the  velocity  of  a 
planet^s  motion  is  continually  accelerated,  and  it  is  as  gradually  retarded 
while  the  planet  is  going  from  its  perihelion  to  its  aphelion,  its  motion 
being  such  that  an  imaginary  line  drawn  from  the  centre  of  the  sun  to 
that  of  the  planet,  (called  the  radius  vector,)  describes  equal  areas  of  the 
planet's  orbit  in  equal  times. 

When  the  sun  or  moon  is  nearest  the  earth,  it  is  said  to  be  inperigee» 
and  it  is  in  apogee  when  it  is  farthest  from  the  earth :  the  sun  is,  there- 
fore in  perigee  when  the  earth  is  in  perihelion ;  and  in  apogee  when  the 
earth  is  in  aphelion. 

The  orbits  of  some  of  the  planets  are  more  elliptical  than  others,  and 
most  of  them  are  very  nearly  circular.  The  line  of  the  apsides  of  the 
several  planets  lie  in  very  different  directions,  and  consequently  point  to 
very  dinerent  parts  of  the  heavens. 

The  ecliptic  is  a  circle  marked  out  among  the  stars,  by  an  extended 
imaginary  plane,  passing  through  the  earth's  orbit,  and  if  we  suppose 
similar  planes  to  pass  through  the  orbits  of  the  other  planets,  and  to  be 
extended  to  the  starry  sphere,  they  will  in  like  manner  describe  circles 
thereon,  coincident  with  the  orbits  of  their  respective  planets. 

As  viewed  from  the  centre  of  the  sun,  each  planet  would  be  oon- 
stantly  seen  in  its  own  circle,  which  is  thence  called  its  heliocentric 
arete,  and  the  point  in  which  it  would  be  seen  at  an^  time,  is  called  the 
heliocentric  place  of  that  planet.  Now,  the  ecliptic  i»  obviously  the 
earth's  heliocentric  circle,  if,  therefore,  the  planets  all  moved  in  the 
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plane  of  the  ecliptic^  they  would  constantly  appear  in  that  circle^  which 
would  thus  become  the  heliocentric  circle  of  dl  the  planets^  this  however 
is  not  the  case,  their  circles  are  all  inclined  at  different  angles  to  the 
ecliptic;  and  each  of  these  circles  coincides  with  the  orbit  of  its  respec- 
tive planety  by  finding  the  heliocentric  circle  of  any  planet  in  the  sphere 
of  the  heavens,  the  inclination  of  that  planet's  orbit  to  the  plane  of  the 
ecEptic  is  known. 

The  orbit  of  every  planet  being  inclined  to  the  ecliptic,  must  intersect 
tlie  plane  of  that  circle  in  two  opposite  points,  called  its  nodes;  that  node 
firom  which  any  planet  passes  from  the  south  to  the  north  side  of  the 
ecliptic,  is  called  its  ascending  node,  and  that  from  which  it  passes  from 
the  north  to  the  south  side,  its  descending  node,  the  line  which  joins  these 
points  is  called  the  line  of  the  nodes. 

To  an  inhabitant  of  any  planet,  the  sun  appears  to  perform  a  complete 
revolution  in  the  heavens,  in  the  heliocentric  circle,  and  in  the  periodical 
time  of  that  planet ;  the  apparent  motion  of  the  sun  being  in  the  same 
direction  as  the  real  motion  of  the  planet. 

The  situation  of  a  planet  in  the  heavens  as  seen  from  the  earth,  is 
called  its  geocentric  place. 

While  the  primary  planets  are  revolving  from  west  to  east  round  the 
sun,  and  the  satellites  round  their  respective  primaries,  these  various 
bodies  have  at  the  same  time  a  rotation  from  west  to  east  on  their  axes, 
by  which,  to  a  spectator  placed  upon  anv  one  of  them,  the  whole  hea- 
vens with  all  the  visible  bodies  containea  therein,  will  appear  to  revolve 
round  the  planet  on  which  he  stands,  during  the  time  that  the  planet 
takes  to  turn  upon  its  axis,  but  in  a  direction  exactly  the  reverse  of  that 
in  which  his  rotation  is  performed. 

THE  PRIMARY  PLANETS, 

Mebcurt   $ 

Is  the  smallest  of  all  the  primary  planets,  its  diameter  being  only  3224 
EngUsh  miles;  its  apparent  diameter  varies  from  5"  to  12".  It  is  also 
the  nearest  to  the  sun,  round  which  it  revolves  in  87  days,  23  hours,  15 
minutes,  43*6  seconds,  at  the  mean  distance  of  about  37,000,000  miles 
from  that  luminary. 

This  planet  emits  a  very  brilliant  white  light,  and  twinkles  like  a  fixed 
star,  but  on  account  of  its  proximity  to  the  sun,  affords  few  opportuni- 
ties for  particular  observation;  yet  daily  changes  have  been  detected 
in  the  appearance  of  Mercury's  horns,  from  which  its  diurnal  rotation  is 
found  to  be  24h.  5m.  28s. 

The  orbit  of  Mercury  is  inclined  at  an  angle  of  about  7''  to  the  ecliptic 
and  the  intensity  of  solar  radiation  is  abput  seven  times  greater  on  that 
planet  than  on  the  Earth.^ 

*  llito  is  found  bj  difiding  the  iqnare  of  the  Barth'i  diBtaooe^ firom  the  {Son,  by  the 
iqfoare  of  Mercnry's  distance  from  that  luminary;  light  and  heat  being  always  as  the 
iquaitp  of  the  distances  of  the  emitting  body. 
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Venus    ? 

Is  the  next  planet  in  the  system.  Its  real  diameter  is  7^87  miles^  and 
its  apparent  diameter  occasionally  amounts  to  6V,  which  is  greater  than 
that  of  any  other  planet^  its  light  is  also  distinguished  by  its  peculiar 
brilliancy  and  whiteness ;  so  intense  indeed  is  the  lustre  of  its  illamina- 
tion^  that  it  completely  dazzles  the  sight,  and  in  a  dusky  place  causes  an 
opaque  body  to  cast  a  sensible  shadow.  The  mean  distance  of  Venus 
from  the  sun  is  68,000,000  miles,  its  revolution  about  him  is  performed 
in  224  days,  16  hours,  49  minutes,  10*6  seconds,  and  her  rotation  on  her 
aids  is  about  23  hours,  20  minutes,  54  seconds. 

The  inclination  of  Venus'  orbit  to  the  ecliptic,  is  about  Si%  and  the 
lighc  and  heat  she  derives  from  the  sun,  are  about  twice  as  great  as  the 
earth  receives  from  the  same  source, 

When  Venus  is  seen  to  the  west  of  the  sun,  she  rises  bef<Nre  him  in  the 
morning  and  is  then  called  PhosphoruSy  or  the  morning  star,  but  when 
she  appears  to  the  east  of  the  sun,  she  shines  in  the  evening  after  sunaetj 
and  is  then  called  Hesperus,  or  the  evening  star. 

She  continues  in  each  of  these  situations  290  days  alternately,  which  is 
considerably  longer  than  the  whole  period  of  her  entire  revolution,  the 
cause  of  which  phenonienii^  will  be  understood  from  the  fallowing  des- 
cription of 

The  apparent  motions  of  the  inferior  planets.  Mercury  and  Venus, 

These  planets  are  never  seen  at  any  great  distance  from  the  sun,  and 
Mercury  being  the  nearest  to  that  lummar)',  and  the  least  in  magnitude, 
is  only  visible  jast  after  the  setting  of  the  sun  in  the  evening,  or  a  little 
before  his  rising  in  the  morning. 

When  first  seen  after  sunset  in  the  west,  he  resembles  a  brilliant 
twinkling  star,  but  by  continuing  our  observations  during  a  few  succeed- 
ing evenings,  his  distance  from  the  sun  will  be  found  gradually  to  increase 
till  it  becomes  (at  a  mean  rate)  about  22®  or  23'';  when,  having  attained 
his  greatest  elongation  or  distance  from  the  sun,  he  appears  for  sometime 
stationary,  aft;er  which  he  seems  to  return  back  again  towards  the  sun, 
the  time  that  elapses  between  the  setting  of  which  and  the  planet,  (which 
never  exeeeds  Ih.  50m.)  daily  decreases,  until  at  lengththe  latter  plunges 
into  the  sun's  rays,  and  is  altogether  lost  to  our  sight;  shortly  after 
which  he  will  be  seen  just  before  sunrise  in  the  morning,  his  distance 
from  the  sun  again  increases,  (but  in  a  contrary  direction,)  till  it  is  22^ 
or  23^,  when  after  being  a  second  time  stationary,  he  again  returns 
towards  the  sun. 

Mercury's  greatest  elongation  from  the  sun  varies  from  about  17''  SO', 
to  28^  20'. 

The  apparent  motions  of  Venus  are  exactly  similar  to  those  of  Mer- 
cury, but,  being  eirtmor  to  that  planet,  she  recedes  further  from  the  sun, 
as  seen  from  the  earth,  her  greatest  elongation  varying  from  44"*  5^  to 
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47^  48' ;  and  from  her  slower  motion,  her  stations  and  retrogradations 
are  less  frequent  than  those  of  Mercury. 

To  illustrate  the  foregoing  obseryations,  let  b,  in  the  annexed  diagram 
represent  the  earth  in  its  orbit ;  a,  6,  c,  d,  «,/,  an  inferior  planet,  (say 
Venus)  in  several  points  of  her  orbit,  and  8  the  sun.     Now  as  the  eye 
alone  will  not  en- 
able us  to  form  a 
tme   estimate  of 
the    distances  of 
objects,  so  remote 
as  the   heavenly 

bodies,  Venus 
bein^  supposed  at 
a,  the  Bun  and 
Venus  (if  it  could 
be  seen,)  would 
both  appear  to  an 
observer  at «,  in 
the  opposite  point 
of  the  heavens,  at 
a?;  Venushowever 
being  in  inferior 
conjunction  with 
the  Sun, — that  is 
between  the  earth 
and  sun,-— will  be 

invisible,  because  her  enlightened  side  is  turned  from  the  earth,  unless 
she  be  at  the  time  in  one  of  her  nodes,  in  which  case  she  will  appear 
like  a  dark  spot  on  the  sun's  disc. 

In  moving  through  the  arc  ab  of  her  orbit,  she  appears  to  recede 
from  the  sun  westward,  through  the  arc  xyz.  During  this  time  Venus 
exhibits  gradually  more  and  more  of  her  illuminated  msc,  and  when  at 
r,  having  attained  her  greatest  western  elongation,  she  appears  half 
enlightened,  like  the  moon  in  her  first  quarter,*  her  angular  distance 
from  the  sun  being  at  a  mean  rate  46^,  in  this  situation  she  appears  to 
remain  for  some  time  stationary,  neither  receding  farther  from  the  sun 
nor  advancing  nearer  to  him ;  but  as  she  moves  from  6,  through  c 
to  d,  she  appears  to  return  from  Zy  through  y,  to  the  sun  at  x,  the  illu- 
minated portion  of  her  disc  progressively  mcreasing,  while  her  angular 
magnitude  sensibly  decreases,  and  at  d,  being  in  her  aupetnor  conjunc- 
tion with  the  sun,  she  vrill  disappear  behind  that  luminary. 

In  going  from  d,  through  6  to^,  she  appears  to  recede  from  the  sun 
eastward,  and  at  /*  is  seen  at  t;  m  the  heavens,  wh^  having  attained 
her  greatest  eastern  elongation,  she  again  appears  for  a  short  time 
stationary,  after  which,  wnile  moving  from/*  to  d,  she  seems  to  return 
toward  the  sun,  and  is  agsdn  lost  to  our  view. 

*  VcDui  giTea  the  greatest  quantity  of  light  to  the  earth,  when  her  angular  distanoa 
from  the  Sim  ia  39^  44'. 

n 
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Tlic  apparent  motion  of  Venus  wliilo  going  from  bio/,  in  her  orbit, 
or  from  her  western  to  her  eastern  elongation,  is  direct,  or  according  to 
the  order  of  the  signs ;  and  while  going  from  jf  to  6,  or  from  her  eastern 
to  her  western  elongation,  it  is  rctrogade,  or  contrary  to  that  order ; 
but  she  appears  much  longer  direct  than  retroOTade,  because  she 
describes  a  much  larger  portion  of  her  orbit  in  the  former  instance 
than  in  the  latter,  which  is  also  the  reason  of  her  apparent  yelocitj, 
while  moving  through  the  inferior  portion  of  her  orbit,  being  so  much 
greater  than  while  sh5  is  describing  the  superior  portion. 

Whilo  Venus  is  going  from  her  superior  conjunction  at  d,  to  her 
inferior  conjunction  at  a,  she  is  seen  on  the  eastern  side  of  the  sun,  as 
viewed  from  the  earth,  and  therefore  remains  above  the  horizon  in  the 
evening  after  sunset,  and  from  her  inferi(»*  conjuncti6n  to  her  superior, 
she  appears  to  the  west  of  the  sun,  and  consequently  rises  before  him, 
in  the  morning. 

If  the  earth  stood  still  at  b,  the  planet  Venus  would  seem  to  make 
equal  vibrations  from  the  sun  each  way,  and  her  greatest  elongations 
would  always  take  place  in  the  same  points  of  the  heavens ;  but  while 
Venus  is  proceeding  in  her  orbit  in  the  manner  already  deseribed,  the 
earth  is  also  advancing  in  the  samo  direction,  from  b  towards  p, — Whence 
the  stationary  points  and  places  of  conjunction,  together  with  the  arcs 
of  direct  and  retrograde  motion,  are  continually  advancing  forward  in 
the  ecliptic ;  on  this  account  also  the  planet  is  seen  on  eith^  side  of  the 
sun  for  a  longer  period  than  that  of  its  whole  revolution,  and  for  the 
same  reason,  the  planet  is  not  stationary  at  the  time  of  its  greatest 
elongation,  but  some  time  after,  when  the  planet  is  approaching  the 
inferior,  and  before,  when  it  is  approaching  the  superior  conjunction. 

Tho  above  illustration  may  be  applied,  with  a  little  obvious  variation, 
to  Mercury,  whose  greatest  elongation  at  a  mean  rate  ia  about  22^"* 

If,  when  either  of  tho  inferior  planets  come  between  the  earth  and 
sun,  the  earth  happen  to  bo  nearly  in  a  line  with  one  of  the  nodes  of 
that  planet,  it  will  appear  to  traverse  the  sun's  surface  like  a  round 
spot,  exhibiting  the  phenomenon  called  a  transit ;  which  it  is  obvious 
can  only  be  of  very  rare  occurrence,  but  is  of  considerable  importance, 
as  it  affords  an  easy  method  of  determining  the  distance  of  the  sun  from 
the  earth's  centre.  Tho  next  transit  of  Venus  will  take  place  t)n  the  8th 
of  December,  1874. 


Thb  Earth.    0 

The  next  planet  exterior  to  Venus  is  the  Earth  that  we  oursdves 
inhabit,  it  has  a  diurnal  rotation  on  its  axis,  and  performs  an  annual 
revolution  in  an  elliptic  orbit  round  the  sun. 

By  the  fi^st  of  these  motions,  the  alternate  succession  of  night  and 
day  IS  produced,  and  by  the  last,  combined  with  the  peculiar  position  of 
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tbe  earth's  axis  with  respect  to  the  sun,  the  vicissitudes  of  seasons  are 
effected. 

The  Earth  is  of  a  round  or  spherical  form,  nearly  resembling  that 
of  a  globe.  It  is,  however,  flattened  at  the  poles,  so  that  its  polar 
diameter,  which  is  7899  miles,  is  26^  miles  less  than  its  equatorial 
diameter,  which  is  about  7925 i  miles;  thus  the  equatorial  regions  are 
raised  13|  miles  above  the  polar. 

Its  distance  from  the  sun  is  95,000,000  milesT  and  moving  at  the 
rate  of  68,000  miles  an  hour,  performs  its  annual  revolution  round  the 
sun  in  365  days  6  hours;  which  motion  though  120  times  swifter  than 
that  given  to  a  cannon  ball,  is  but  httle  more  than  half  the  velocity  of 
Mercury  in  his  orbit. 

The  Earth  revolves  on  its  axis  in  24  hours,  from  west  to  east,  and 
thus  occasions  an  apparent  motion  of  all  the  heavenly  bodies  from  east 
to  west  in  the  same  time. 

When  any  place,  by  the  motion  of  the  earth  on  its  •axis,  is  brought 
immediately  under  the  sun,  the  sun  is  said  to  be  in  the  meridian  of  that 
plaoe^  to  which  it  is  the  noon  or  mid-day ;  and  all  those  places  which 
have  their  noon  at  the  same  time,  are  said  to  be  on  the  same  meridian. 
The  lime  which  elapses  between  the  arrival  of  the  sun  at  the  meridian 
of  any  place,  and  his  next  subsequent  arrival  at  the  same  meridian,  is 
c»lled  a  solar  or  apparent  day^  which  is  divided  into  twenty-four  solar 
hoorSy  and  these  are  again  subdivided  into  minutes  and  seconds.  Any 
portion  of  this  day  is  called  true  apparent  or  solar  time^  and  is  the 
time  we  obtain  from  observation  of  the  heavenly  bodies  ;  it  is  also  the 
time  shown  by  a  sun  dial.  All  these  phenomena  are  explained  at  some 
length  in  the  Astronomical  Definitions. 


Mars   i 

Mars  is  known  by  his  red  fiery  appearance,  which  though  probably 
in  some  degree  owing  to  the  nature  of  his  soil,  is  doubtless  prmcipally 
to  be  attributed  to  the  density  and  extent  of  his  atmosphere. 

The  apparent  diameter  of  this  planet  varies  from  4"  to  18" ;  its  true 
diameter  is  4189  miles,  and  its  distance  from  the  sun,  round  which  he 
revolves  in  686  da^s  23h.  30m.  35-66,  is  about  145,000,000  miles.  Its 
rotation  on  its  axis  is  performed  in  24h.  39m.  21s.  and  its  orbit  is 
inclined  about  If*"  to  the  ecliptic. 


JUFITBB    % 

Is  the  largest  planet  in  our  system;  its  real  diameter  being  89,170 
miles;  yet,  on  account  of  liis  great  distance  from  us,  his  apparent 
diameter  varies  only  from  30"  to  46",  which  is  hb  greatest  angular 
magnitude. 
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The  mean  distance  of  this  planet  from  the  sun  is  494,000,000  miles, 
and  he  revolves  about  that  luminary  in  4332  days,  14h.  27m.  lO'Ss. 
and  about  his  own  axis  in  2h.  55m.  49s.  his  orbit  being  inclined  to  the 
ecliptic  li**. 

The  Satellites  of  Jupiter. 

The  discovery  of  Jupiter's  satellites  by  Galileo  in  1610,  is  not  only 
one  of  the  earliest,  but  also  one  of  the  most  important  improvements, 
the  science  of  astronomy  has  derived  from  the  invention  of  the  telescope, 
for  the  eclipses  of  these  bodies,  which  happen  very  frequently  and  are 
easily  observed,  afford  an  excellent  method  of  detemumng  terrestrial 
longitudes  on  shore. 

To  these  eclipses  we  are  also  indebted  for  the  discovery  of  the  aber- 
ration of  light,  and  the  enormous  velocity  of  its  progressive  motion, 
phenomena,  which  being  foreign  to  the  professed  object  of  the  present 
volume,  will  be  passed  oVer  without  further  notice.  When  viewed 
'  through  a  powerful  telescope,  these  satellites  present  a  most  beautiful 
appearance,  being  generally  ranged  in  nearly  a  straight  line,  almost 
parallel  to  his  belts. 


Saturn    ^ 

The  most  remote  planet  known  to  the  ancients ;  is  not  much  inferior 
to  Jupiter  in  magnitude,  his  diameter  being  79,042  miles,  and  his  an- 
gular diameter,  as  viewed  from  the  earth,  about  18*'.  Its  .annual  revo- 
lution about  the  sun  is  performed  in  10,759  days,  Ih.  51m.  ll-2s.  at 
the  mean  distance  of  about  906,000,000  miles,  its  orbit  being  inclined 
to  the  ecliptic  about  2i**. 

Saturn  revolves  on  his  axis  in  lOh.  29m.  l7s. 

Saturn  is  distinguished  from  all  the  other  planets  of  our  system,  by 
a  luminous  ring  which  encircles  his  body,  and  may  be  classed  among  the 
most  curious  astronomical  phenomena  with  which  we  are  acquainted. 

This  annular  appendage  to  Saturn,  when  viewed  through  very 
powerful  telescopes,  is  found  to  consist  of  two  broad  flat  rings,  concen- 
tric with  the  planet,  and  with  each  other ;  they  lie  in  the  same  plane, 
and  are  separated  throughout  their  whole  circumference  by  a  narrow 
interval,  and  from  the  body  of  the  planet  itself  by  a  very  consi- 
derable one.  The  dimensions  of  these  rings  are  very  differently  stated 
by  different  astronomers. 

The  rings  of  Saturn  revolve  round  the  same  axis,  and  nearly  in 
the  same  time  as  the  planet. 

Saturn  has  seven  satellites,  their  orbits  nearly  coincide  with  tlio 
l)lane  of  the  ring,  except  the  orbit  of  tlie  5tli,  which  is  inclined  at  a 
considerable  angle  ;  this  satellite  is  also  much  larger  than  the  oUicrs. 
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XJbanus    l^ 

JJniSl  1848  this  was  thought  to  be  the  most  remote  planet  in  our 
system,  to  which  it  may  be  considered  a  late  acquisition,  having 
escaped  detection  till  the  year  1811,  when  it  was  discovered  on  the  13th 
of  March,  near  the  foot  of  Gemini,  by  Dr.  Herschel,  who  named  it 
the  Geq^gium  Sidus,  or  Georgian  Star,  in  compliment  to  his  munificent 
patron,  King  George  III,  it  is,  howeyer,  now  better  known  by  its 
mythological  name  Uranus. 

It  had  indeed  been  obsenred  by  Flamstead  and  Mayer  as  a  fixed  star, 
and  as  such  introduced  into  their,  catalogues.  Its  real  magnitude  is 
35,112  miles,  and  its  angular  diameter  about  4'%  from  which,  on 
account  of  its  great  distance  from  us,  it  never  much  yaries.  This  planet 
rcTolves  round  the  sun  in  30,737  days  18  hours,  at  the  distance  of 
1,822,000,000  miles  from  that  luminary,  in  an  orbit  which  is  inclined 
about  J  of  a  degree  to  the  ecliptic. 

THE  MINOR  PRIMARY  PLANETS. 

Ybsta  3,    JuKO  it  9    Cbbbs  P,    and  Pallas  $. 

Of  the  Minor  Primary  Planets,  Vesta  is  the  only  one  that  can  be 
perceived  by  the  naked  eye,  she  appears  about  the  fifth  or  sixth  mag- 
nitude, and  shines  with  a  more  pure  white  Ught  than  any  of  the  other 
three.  The  distance  of  this  planet  from  the  sun  is  in  round  numbers 
225,000,000  miles,  and  her  annual  revolution  is  performed  in  1,335 
days,  5  hours,  the  eccentricity  of  her  orbit  is  21,015,053  miles,  and  its 
inclination  to  the  ecliptic  7^. 

JuKO  as  seen  with  the  telescope,  appears  like  a  star  of  the  eighth 
magnitude ;  it  shines  with  a  red  hght,  and  is  supposed  to  have  a  more 
dense  atmosphere  than  any  of  the  other  three  minor  planets ;  its  dis- 
tance from  the  sun  is  253,000,000  miles,  and  the  period  of  its  revolution 
is  about  1,591  days.  The  orbit  of  Juno  is  inclined  to  the  ecliptic  at  an 
angle  of  13°,  and  its  eccentricity  is  65,588,343  miles. 

Ceres  and  Pallas  are  less  red  than  Juno,  and  from  the  nebulous 
appearance  they  present,  are  supposed  to  be  invested  with  atmospheres 
of  very  considerable  extent,  and  but  little  condensed  by  the  inadequate 
gravity  of  the  small  masses  they  surroimd.  Their  distance  from  the 
sun  is  very  nearly  alike,  and  may  be  stated  in  round  numbers  at 
263,000,000  miles. 

The  annual  revolution  of  Ceres  is  performed  in  1,681  days,  13  hours 
and  that  of  Pallas  in  1,681  days  l/h.  The  inclination  of  the  orbit  of 
the  former  to  the  ecliptic  is  lO^'',  and  that  of  the  latter  34^®,  but  tlio 
orbit  of  Pallas  is  mucli  more  elliptical  than  that  of  Ceres ;  the  eccen- 
tricity of  the  former  being  64,516,673  wliile  that  of  the  latter  is  only 
20  598,130  miles. 
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The  apparent  motions  of  the  superior  planets. 

As  the  orbits  of  the  superior  planets  comprehend  the  orbit  of  the  earth, 
those  bodies  may  bo  seen  in  opposition  to  the  sun,  and  at  all  possible 
angular  distances  from  him,  they  may  also  be  seen  in  superior  conjunc- 
tion with  that  luminary,  but  they  can  ncyer  be  in  inferior  conjunction, 
and  consequently  can  neyer  have  their  dark  side  wholly  turned  towards 
the  earth,  like  the  inferior  planets  or  the  moon  when  new,  They  do 
not  howeyer,  always  appear  to  moye  from  west  to  east,  according  to 
the  order  of  the  signs,  as  they  would  be  seen  to  do  if  yiewed  from  the 
sun,  but  like  Mercury  and  Venus,  they  are  sometimes  direct,  sometimes 
retrograde,  and  sometimes  stationary. 

The  motion  of  a  superior  planet  is  direct,  when,  after  being  in  con- 
junction with  the  sun,  it  is  seen  to  the  west  of  that  luminary,  rising  be- 
fore him  in  the  morning,  its  motion  is  also  swiftest  at  this  time,  but  as 
the  apparent  motion  of  the  sun  is  still  more  rapid  than  that  of  the  planet 
the  latter  will  appear  to. recede  from  him,  and  continues  so  to  do,  the 
velocity  of  its  motion  gradually  diminishing,  till  after  a  certain  interval 
it  appears  for  a  few  days  stationary,  after  Vhich  its  motion  becomes 
retrograde,  and  its  velocity  now  gradually  increasing,  while  tbe  sun 
is  moving  in  a  contrary  direction,  the  angular  distance  between  these 
two  bodies  is  rapidly  augmented,  and  continues  to  increase  together  with 
the  retrograde  motion  of  the  planet,  till  the  latter  is  in  opposition  to  the 
sun. 

After  departing  from  the  opposition,  the  planet  is  seen  to  the  east 
of  the  sun,  setting  after  him  in  the  evening,  its  retrograde  motion  con- 
tinues, and  tends  to  diminish  the  distance  between  the  sun  and  pla- 
net ;  the  retrograde  motion  of  which,  however,  now  gradually  becomes 
less  and  less,  till  at  length  it  altogether  vanishes,  and  the  planet  again 
becomes  stationary. 

After  remaining  thus  for  a  few  days,  it  resumes  its  direct  motion, 
which  has  a  tendency  to  increase  the  angular  distance  between  it  and 
the  sun ;  the  latter  however,  by  the  greater  rapidity  of  his  apparent  mo- 
tion, gains  upon  the  planet,  which,  consequently,  appears  to  approach 
the  sun  till  it  is  a  second  time  in  conjunction  with  him,  after  which  it 
emerges  from  his  beams,  and  reappears  in  the  morning  as  at  first. 

These  phenomena  are  common  to  all  the  superior  planets,  but  happen 
under  somewhat  different  circumstances  on  account  of  the  slower  motion 
of  those  which  are  more  distant  from  the  sun.  The  nearer  a  superior 
planet  is  to  the  sun,  the  greater  will  be  the  time  employed  by  it  in 
passing  from  conjunction  to  conjunction ;  again,  the  greater  the  an- 
gular distance  at  which  it  becomes  stationary,  and  the  greater  the 
arc  of  retrogradation,  the  less  will  be  the  time  in  which  the  retro- 
gradation  is  performed. 

The  apparent  diameter  of  a  superior  planet  is  greatest  when  that 
planet  is  in  opposition  to  the  sun,  and  least  when  it  is  in  conjunction 
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with  faim  ;  in  tbe  intermediate  points  of  ita  orbit,  its  apparent  diameter 
varies  between  these  two  extremes,  being  greater  or  less  according  to  the 
proximity  of  the  planet,  to  the  one  or  other  of  these  situations. 


The  Moon 

The  constant  attendant  on  our  earth,  and  next  to  the  sun,  the  most 
useful  to  us  of  any  of  tbe  heavenly  bodies,  is  only  2,160  miles  in  diame- 
ter, yet  owing  to  her  proximity  to  our  own  globe,  her  mean  distance 
firom  which  is  237,519  miles,  her  apparent  diameter  does  not  differ 
greatly  from  that  of  the  sun. 

The  moon  while  revolving  round  the  earth  exhibits  various  appearances, 
oommonly  called  her  phases,  which  may  be  thus  described :  When  the 
moon,  after  having  been  in  conjunction  with  the  sun,  emerges  from  his 
rays,  she  appears  in  the  evening,  after  sunset,  like  a  fine  luminous 
crescent,  havmg  its  convex  side  turned  towards  the  sun ;  as  she  recedes 
from  him  this  crescent  gradually  increases  in  breadth,  and  when  she  has 
gone  through  an  eighth  part  of  her  revolution  she  is  said  to  be  in  her 
first  octant,  at  whicn  time  one-fourth  part  of  her  enlightened  side  is 
tamed  towards  the  earth. 

As  her  distance  from  the  sun  increases,  she  presents  more  of  her 
enlightened  side  to  our  view,  and  when  she  has  completed  a  fourth  part 
of  her  revolution,  she  appears  a  half  moon,  and  is  said  to  be  a  quarter 
old.  In  rather  less  than  four  days  more,  she  is  said  to  be  m  her 
second  octant,  when  she  becomes  what  is  termed  gibbous,  exhibiting 
an  intermediate  figure,  between  a  half  and  a  full  moon. 

Her  distance  from  the  sun  continues  to  increase,  until  at  length  being 
in  oppoffllion  to  the  sun,  her  enlightened  hemisphere  is  wholly  turned 
towards  the  earth,  and  she  exhibits  the  appearance  denominated  full 
moon,  at  which  time  she  comes  to  the  meridian  at  midnight. 

The  enlightened  portion  of  her  disc  now  gradually  diminishes,  she 
again  becomes  gibbous,  in  passing  through  her  third  octant,  and  when 
she  arrives  at  her  third  quarter,  only  half  the  enUghtened  hemisphere 
is  visible ;  she  still  continues  to  approach  the  sun,  again  assumes  a 
homed  appearance  in  passing  through  her  third  octajit,  and  she  is  seen 
in  the  east  rising  a  Uttle  before  the  sun,  till  at  length  having  completed 
her  revolution,  3ie  is  again  in  conjunction  with  him  and  disappears,  her 
dark  side  being  turned  towards  the  earth :  the  moon  in  this  situation  is 
said  to  be  new. 

Those  points  of  the  Itmar  orbit  in  which  she  is  new  and  fuU,  or  in 
conjunction  and  opposition,  are  called  the  syzdgies,  and  those  points  in 
which  she  is  90^  from  the  sun,  the  quadratures.  The  revolution  of  tho 
moon  from  one  conjunction  with  the  sun  to  the  next,  during  which  her 
various  phases  are  exhibited  in  the  manner  already  detailed,  is  called  a 
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syrwdical  revolution;  the  mean  period  of  which  is  29  days,  12h.  44m.2-8s- 
which  period  is  also  called  a  kination. 

The  wrfer^aZrevo/tt^ionofthe  moon  is  performed  in  27  days,  7h.  43m. 
11*58.  being  the  time  she  employs  in  moving  from  any  fixed  star  to  the 
same  fixed  star  again.  The  greater  length  of  the  synodical  revolution, 
is  caused  by  the  motion  of  the  earth  in  its  orbit,  whereby  the  sun 
appears  to  advance  rather  more  than  29^  in  the  ecUptic,  while  the  moon 
goes  once  round  the  earth. 

The  periodical  or  tropical  revolution^  is  the  time  which  the  moon 
takes  to  revolve  from  one  equinox  to  the  same  equinox  again ;  it  is 
performed  in  27  days,  7h.  43m.  4*  7s. 

The  moon  turns  exactly  once  round  on  its  axis,  while  it  performs  a 
synodical  revolution  in  its  orbit,  as  is  evident  from  her  always  presenting 
(certain  small  variations  excepted)  the  same  side  to  the  earth. 


OF    ECLIPSES. 

An  eclipse  of  the  sun  as  it  is  generally  but  erroneously  called,*  is 
caused  by  the  dark  body  of  the  moon  passing  immediately  between  the 
earth  and  the  sun,  whereby  his  rays  are  so  intercepted,  that  certain  por- 
tions of  the  earth's  surface  are  partially  or  whoDy  deprived  of  his  hght, 
causing  in  fact  an  eclipse  of  those  parts  of  the  earth  where  the  moon's 
shadow  or  penumbra  faUs-f 

An  eclipse  of  the  moon  is  caused  by  her  falling  into  the  earth's 
shadow,  whereby  (being  an  opaque  body,  and  having  no  light  of  her 
own,)  she  undergoes  a  real  echpse  by  the  interception  of  the  sun's 
rays. 

An  eclipse  of  the  sun  therefore,  can  only  happen  at  the  time  of 
conjunction,  or  when  the  moon  is  new,  and  an  echpse  of  the  moon, 


*  There  is  no  such  thing,  properly  speaking,  aa  an  eclipse  of  the  sun  ;  the  phenome- 
non described  under  that  name  is,  in  fact,  an  occultation,  or  hiding  wholly  or  partially  of 
that  luminary,  (whose  brillianoy  nevertheless  always  remains  unimpaired,)  by  the  inter- 
position of  the  moon. 

t  Hie  planets  and  satellites  are  aH  of  them  opaque  bodies,  ilhiminated  by  the  sun ;  it 
follows  therefore,  that  every  planet,  whether  primary  or  secondarv,  must  cast  a  shadow 
towards  that  part  of  the  heavens  which  is  opposite  to  that  luminary.  If,  therefore,  the  earth 
or  any  other  planet  were  equal  in  magnitude  to  the  sun,  its  shadow  would  be  cylindrical,  or 
if  it  were  larger  than  the  sun,  the  shadow  would  assume  the  figure  of  a  truncated  cone,  and 
in  either  case  would  be  infinitely  extended.  Hie  sun  however  being  so  much  larger  than 
any  of  these  bodies,  the  shadow  of  every  one  of  them  must  be  of  a  conical  form,  growing 
less  and  less  the  forther  it  recedes  from  the  planet,  till  it  terminates  in  a  point,  whidi  is  the 
Tcrtex  of  the  cone.  The  height  of  the  conical  shadow  of  any  planet,  or  the  length  of  the 
axis  of  that  shadow,  is  greater  or  less,  as  the  planet  is  at  a  greater  or  less  distance  from 
the  sun,  thus  the  conical  shadow  is  longest  when  the  planet  is  in  aphelion,  and  shortest 
when  it  is  in  perihelion,  the  primary  planets  however  can  never  eclipse  one  another,  the 
magnitude  of  the  sun,  aod  the  distances  of  the  planets  being  sueh.  that  a  primary  planet 
can  only  eclipse  its  satellite,  or  be  eclipsed  by  it. 
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at  the  time  of  opposition,  or  when  she  is  full.  Now,  the  moon  being 
in  these  situations  once  in  the  course  of  ^ very  lunation,  if  the  moon^s 
orhit  coincided  with  the  plane  of  the  ecliptic,  a  solar  and  lunar  echpse 
would  h^pen  every  month.  But  since  the  plane  of  the  moon's  orbit 
is  inclined  at  an  angle  of  about  5i°  to  that  of  the  ecliptic,  these  pheno- 
mena ean  only  take  place  when  the  moon  is  in  or  near  one  of  her  nodes, 
ai  the  time  of  new  and  full  moon. 

* 

When  the  moon  is  in  ^faer  of  her  nodes  at  the  time  of  new  cr  full 
moon,  the  sun,  moon,  and  earth  are  in  the  same  right  line ;  that  is,  the 
line  a(  the  moon's  nodes  coincides  with  the  line  of  the  syzigies  ;  if  there- 
fore the  moon  be  new  when  this  coincidence  takes  place,  her  shadow  will 
fall  upon  the  earth,  and  there  will  be  a  central  eclipse  of  the  sun ;  if  full 
the  earth's  shadow  will  fall  upon  her,  and  there  will  be  a  total  and  cen- 
tral eclipse  of  the  moon.  If  the  distance  of  the  moon  from  either  of  her 
nodes  at  the  time  of  conjunction  be  less  than  18o^  the  sun  may  be  par- 
tially eclipsed,  or  if  she  be  within  12**  of  her  nodes  at  the  time  of  oppo- 
sition there  may  be  an  eclipse  of  the  moon  :  but  if  the  moon's  distance 
from  her  node  exceed  those  limits,  there  can  be  neither  a  solar  nor  a 
lunar  eclipse. 

In  a  partial  eclipse  of  the  sun  a  penumbra,  or  imperfect  shadow  of  the 
moon,  falls  upon  that  part  of  the  earth  whence  the  ecUpse  is  seen. 

The  moon's  orbit  being  elUptical,  and  the  earth  placed  in  one  of  the 
foci  of  the  ellipse,  her  distance  from  the  earth  must  vary  in  every  point 
of  her  orbit.  When  the  moon  is  at  her  mean  distance  from  the  earth, 
her  apparent  diameter  is  exactly  equal  to  that  of  the  sun ;  when  the 
moon's  distance  from  the  earth  i^  greater  than  her  mean  distance,  the 
apparent  diameter  of  the  sun  exceeds  that  of  the  moon ;  but  when  it  is 
less^her  apparent  diameter  is  greater  than  that  of  the  sun. 

When  therefore  the  moon  changes  about  her  node,  and  at  her  mean 
distance  from  the  earth,  there  will  be  a  total  eclipse  of  the  sun  to  that 
small  spot  whereon  her  shadow  falls ;  but  if  the  moon's  distance  from 
the  earth  when  she  changes  in  her  node,  be  greater  than  her  mean  dis- 
tance, her  apparent  diameter  subtending  a  less  angle  than  that  of  the  sun, 
and  her  shadow  terminatinjg  in  a  point  at  some  distance  from  the  earth, 
she  cannot  hide  his  whole  disc  from  any  part  of  the  earth's  surface,  but 
to  those  parts  over  which  the  point  of  her  conical  shadow  passes,  there 
will  be  what  is  called  an  annular  eclipse ;  that  is,  the  edge  of  the  sun  will 
appear  Uke  a  luminous  ring,  surrounding  the  body  of  the  moon. 

If  the  distance  of  the  moon  be  less  than  its  mean  distance  when  the 
change  takes  place,  her  apparent  diameter  being  greater  than  that  of  the 
sun,  there  will  be  a  total  eclipse  of  that  luminary ;  and  as  the  moon's 
disc  will  not  only  cover  the  sun,  but  will  moreover  extend  some  distance 
beyond  it,  the  total  darkness  will  last  for  some  few  minutes ;  as  however 
the  moon's  apparent  diameter,  when  largest,  exceeds  that  of  the  sun  when 
least,  by  only  2^  S'"  of  a  degree,  the  total  darkness  can  never  continue 
longer  than  4  min.  6  sec,  which  is  the  time  the  moon  takes  to  move 
through  that  space. 

18 
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The  moon's  dark  shadow^  when  the  snn  is  farthest  from  the  earth^.and 
she  is  nearest  to  it^  never  exfe^nds  over  a  circular  space  npon  the  earth's 
surface  exceeding  180  miles  in  diameter,  but  her  partial  shadow  or 
penumbra,  may  then  cover  a  circular  space  4,900  miles  in  diameter, 
within  every  part  of  which  the  sun  is  seen  more  or  less  eclipsed,  as  the 
places  are  more  or  less  contiguous  to  the  centre  of  this  shadow ;  no  solar 
eclipse  therefore  is  universal  or  visible  thibughout  the  whole  of  that 
hemisphere  which  is  turned  towards  the  sun  at  the  time. 

When  the  moon  goes  through  the  centre  of  the  earth's  ahadow,  she 
is  exactly  in  her  node,  or  has  no  latitude  when  she  comes  to  her 
opposition.  When  she  is  about  6o  from  her  node,  nt  the  time  of 
opposition,  she  will  pass  through  the  earth's  shadow,  and  be  totally 
eclipsed  in  it.  When  she  is  full  at  12*  from  her  node,  she  just  touches 
the  earth's  shadow,  but  without  entering  it. 

When  therefore,  an  eclipse  of  the  moon  is  both  total  and  central,  its 
duration  is  the  longest  possible,  namely,  about  3h.  57ni.  6s.  from  the 
beginning  to  the  end,  when  the  moon  is  in  apogee,  or  at  the  greatest 
distance  from  the  earth,  and  about  3h.  37 ca.  26s.  when  she  is  in  perigee, 
or  nearest  to  it. 

In  estimating  the  quantity  of  an  eclipse,  either  of  the  sun  or  moon,  the 
disc  of  the  eclipsed  body  is  supposed  to  be  divided  into  12  equal  parts, 
called  digits,  and  so  many  of  these  parts  as  are  obscured,  so  many  digits 
is  the  sun  or  moon  said  to  be  eclipsed. 

When  the  moon  is  said  to  be  any  number  of  digits  eclipsed  above  12, 
it  is  understood  that  she  is  wholly  immersed  in  the  earths  ^dow,  which 
extends  so  many  digits  beyond  her  limb,  as  the  number  of  digits  she  is 
said  to  be  eclipsed  exceeds  12. 

The  term  degrees  is  now  sometimes  substituted  for  digits,  each  degree 
being  subdivided  into  60  equal  parts,  called  minutes,  and  thus  the 
quantity  of  an  eclipse  is  frequently  expressed  in  degrees  and  minutes. 

The  number  of  eclipses  in  any  year  cannot  be  less  than  two,  nor  more 
than  seven,  in  the  former  case  they  will  be  both  solar,  and  in  the  latter 
thei'c  will  be  five  solar  and  two  lunar,  which  last  will  be  both  total. 
There  are  sometimes  six ;  but  the  more  usual  number  is  four,  two  of  the 
■un,  and  two  of  the  moon. 

These  varieties  may  be  thus  accounted  for ; — although  the  sun  usually 

S asses  by  both  the  nodes  only  once  a  year,  making  four  echpses,  yet  if 
e  pass  by  one  of  the  nodes  about  the  beginning  of  the  year,  he 
may  pass  the  same  node  again  a  little  before  the  end  of  the  same  year ; 
because,  by  reason  of  the  reti-ograde  motion  of  the  moon's  nodes,  the  sun 
will  come  to  either  of  them  173  days  after  the  other:  he  may  there- 
fore return  to  the  same  node  in  about  346  days,  thereby  making  «ix 
eclipses. 

Again,  since  twelve  synodical  revolutions,  or  354  days  from  the  eclipse 
in  the  beginning  of  the  year,  may  produce  a  new  moon  before  the  con- 
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cloBion  of  it,  and  since  this  new  moon  may  fall  within  the  solar  limits  it 
ia  possible  for  seven  eciipaes  to  happen  within  the  year. 

When  the  moon  changes  in  either  of  her  nodes,  she  cannot  come 
within  the  lunar  limit  at  the  next  full,  and  therefore  cannot  be  eclipsed, 
and  in  six  lunar  months  afterwards^  she  will  change  near  the  other 
node. 

In  this  case  there  cannot  be  more  than  two  eclipses  in  the  year,  and 
both  of  the  sun.  Although  the  ecliptic  limits  of  the  sun  being  greater 
than  those  of  the  moon,  solar  eclipses  are  more  frequent  than  lunar  ones, 
yet  we  have  more  virible  eclipses  of  the  moon  than  of  the  sun  ;  because 
the  former  are  visible  from  all  parts  of  that  hemisphere  of  the  earth 
which  is  tamed  towards  the  moon ;  but  the  latter  are  only  seen  from 
that  small  portion  of  the  hemisphere  next  the  sun,  whereon  the  moon's 
shadow  falls. 

The  mean  motion  of  the  lunar  nodes  being  about  19*  19'  43"  yearly, 
they  perform  a  complete  revolution  in  the  ecliptic  in  about  IS  years, 
244  days;  this  period  however,  comprising  no  complete  number  of 
lunations^  cannot  become  a  regular  period  of  eclipses. 

But  in  223  lunations,  of  18  years,  11  days,  7h.  42m.  31s.  when  leap 
year  is  four  times  included,  or  a  day  less  when  it  occurs  five  times  in 
that  period,  we  shall  have  the  mean  time  ofthe  return  of  the  same  eclipse 
(that  is,  ofthe  middle  time  of  it)  tolerably  near  the  truth. 

A  period  however,  much  more  exact  than  the  preceding,  (commonly 
called  the  Chaldaic  period,)  consists  of  6890  or  557  Julian  years,  21  days, 
18h.  4m.  47s.  at  the  end  of  which  time,  the  moon's  distance  from  the 
position  she  had  relatively  to  the  sun  and  earth  at  the  beginning  of  this 
period,  will  not  exceed  one  minute,  four  seconds,  and  a  period  still  more 
exact  is  that  of  2362  years,  16  days,  5  hours,  5  minutes. 


OP    THE    FIXED    STARS. 

The  pemumence  of  the  relative  situation  of  the  fixed  stars  on  the  celes- 
tial sphefe,  peculiarly  adapts  them  for  marks  or  celestial  stations,  to 
which  the  erratic  bodies  may  be  continually  referred,  in  tracing  their 
respective  motions  through  the  heavens ;  they  also  furnish  means  of 
determining  with  precision  the  place  of  a  ship  at  sea, — the  local  situation 
of  particular  stations  on  the  earth's  surface, — ^and  many  other  important 
geographical  facts. 

To  the  mariner,  therefore,  in  particular,  (who  in  pursuing  his  voyage 
through  the  vast  and  trackless  ocean,  should  omit  no  opportunity  of 
ascertaining  the  ship's  place  by  celestial  observation)  a  tolerableproficiency 
in  this  branch  of  astronomy  is  indispensable. 

When  we  take  a  casual  survey  of  the  heavens,  on  a  clear  winter's 
evcDin;,  in  the  absence  of  the  moon,  we  are  apt  to  conceive  that  the 
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number  of  stars  presented  to  oar  view  exceeds  all  calculation,  yet  it  is 
probable  that  under  the  most  favourable  circumstances  not  more  than 
two  thousand,  visible  to  the  naked  eye,  are  at  any  one  time  above  the 
horizon ;  and  that  the  whole  number  of  stars  which  may  be  so  seen,  does 
not  exceed  three  thousand  five  hundred. 

Of  these  some  are  much  more  brilliant,  and  appear  larger  than  others, 
and  this  difference  in  the  apparent  size  and  splendour  of  the  stars,  may 
arise  either  from  a  diversity  in  their  real  magnitudes  and  brightness,  or 
(which  is  more  likely)  from  their  being  placed  at  unequal  distances  from 
us ;  although,  in  some  instances,  these  causes  may  all  combine  to  pro- 
duce this  difference  of  appearance,  which  difference  is,  indeed,  so  obvious 
as  to  have  given  rise  to  an  arrangement  of  those  stars  that  may  be  seen 
without  tl4e  application  of  the  telescope,  into  classes  or  orders,  called 
magnitudes. 

The  brightest  and  largest  are  said  to  be  of  Wi^  first  magnitude,  the  next 
in  lustre  are  called  stars  of  the  second  magnitude,  and  so  on  to  the  sixth, 
which  arc  the  smallest  that  can  be  perceived  by  the  naked  eye.  The 
decreasing  scale  is  also  continued  by  the  assistance  of  very  powerful 
telescopes,  down  to  the  sixteenth  magnitude ;  all  those,  however,  below 
the  sixth,  have  the  general  denomination  of  telescopic  stars. 

Very  few  of  the  stars  of  any  one  of  these  classes  are  exactly  of  the 
name  size  and  brightness,  hence  it  happens  that  many  of  those  which  are 
by  some  astronomers  considered  of  the  first  magnitude,  are  by  others 
assigned  to  the  second ;  and  the  same  uncertainty  exists  with  regard  to 
the  other  classes. 

In  order  to  facilitate  the  description  of  the  heavens,  and  the  reference 
to  any  particular  star,  the  ancients  reduced  this  numerous  class  of  bodies 
into  a  number  of  groups,  or  assemblages  of  neighbouring  stars,  which 
they  called  constellations,  and  to  each  of  these  constellations  they  gave 
the  name  of  some  sensible  object,  to  which  they  fancied  they  discovered 
a  general  resemblance  in  the  disposition  of  the  stars  that  composed  the 
constellation. 

It  was  not,  however,  to  the  constellations  only,  that  the  ancients  gave 
particular  names,  smaller  collections  of  stara,  and  some  of  the  most 
remarkable  single  stars,  were  distinguished  in  the  same  manner,  but  the 
best  method  of  marking  the  individual  stars,  in  each  constellation,  is  that 
introduced  by  Bayer,  about  the  year  1603,  and  consists  in  applying  the 
letters  of  the  Greek  and  Roman  alphabets,  in  such  a  manner,  that  the 
principal  star  of  every  constellation,  is  denoted  by  the  fii'st  letter  of  the 
Greek  alphabet ;  the  next  brightest,  by  the  second  letter,  and  so  on. 

It  is  however,  to  be  remarked,  that  the  Greek  letters  do  not  indicate 
the  real  magnitudes  of  the  stars,  to  which  they  are  appHed,  but  only  the 
relative  magnitudes  of  those  in  the  same  constellation.  When  any  con- 
stellation contains  more  stars  than  the  Greek  alphabet  extends  to,  the 
letters  of  the  Roman  alphabet,  are  employed  in  like  manner  to  supply 
the  deficiency,  and  succeeding  astroncmcr?,  hir\o  further  extended  this 
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useful  method  of  particularizing  individual  stars,  by  adding  the  ordinal 
numbers  1,  2,  3,  &c.  in  the  same  regular  succession,  when  any  constella- 
tion contains  more  stars  than  can  be  marked  by  the  two  alphabets. 

The  ancient  constellations  (as  they  are  now  called,)  were  forty-eight  in 
number,  or  fifty,  including  Antinous,  and  Coma  Berenices,  and  were  for 
the  most  part  so  delineated,  as  to  bring  the  principal  stars  into  the  most 
conspicuous  parts  of  the  figures,  they  were  supposed  to  represent ;  but  as 
in  this  distribution  of  the  stars,  many  of  them  from  their  peculiar  situation 
in  the  heavens,  could  not  be  comprehended  in  any  of  those  figures,  the 
stars  so  left  out  were  called  unformed  stars ;  most  of  these  have  been  since 
reduced  into  new  figures  by  modern  astronomers,  so  that  the  number  of 
constellations  into  which  the  heavens  are  at  present  divided,  exceeds  a 
hundred,  and  it  is  probable  that  others  will  yet  be  invented.* 

In  tracing  the  apparent  annual  motion  of  the  sun  through  the  heavens, 
we  shall  find  that  he  always  describes  one  great  circle  of  the  sphere,  from 
which  he  never  deviates.  This  circle,  kvkXoq  ifXuiKog  passes  through 
twelve  of  the  ancient  constellations,  and  these  which  were  originally  but 
eleven  in  number,  (and  then  according  to  the  Chaldean  division,  consisted 
entirely  of  animal  figures,)  obtained  the  name  of  the  constellations  of  the 
zodiac,  which  term,  zodiac,  is  still  applied  to  a  zone  in  the  heavens, 
extending  about  eight  degrees  on  each  side  of  the  ecliptic,  so  called 
because  eclipses  can  only  happen,  when  the  moon  is  either  in  or  very 
near  to  that  circle. 

These  constellations  derive  their  chief  interest  to  the  astronomer,  from 
their  having  given  names  to  the  twelve  equal  parts,  (called  signs)  of  SC^ 
each,  into  which  the  ecliptic  is  divided.  Those  constellations  which  are 
north  of  the  ecliptic  are  called  northern,  and  those  which  are  south  of  that 
circle,  southern  constellations,  and  since  the  ecliptic  is  inclined  23®  28', 
to  the  equinoctial  or  celestial  equator,  instances  occur  of  northern  con- 
stellations having  south  declination,  and  vice  versa,  a  circumstance  which 
demands  the  student's  particular  attention. 

Table  12,  (page  135,)  gives  the  names  of  the  principal  constellations 
and  the  chief  stars  in  each,  with  their  magnitudes,  right  ascensions 
declinations,  &c.  and  Table  20,  page  143,  contains  the  apparent  time  of 
the  meridian  passage  of  the  principal  fixed  stars  on  the  first  day  of  the 
month. 

The  whole  number  of  stars,  visible  in  the  absence  of  the  moon,  and 
in  the  most  favorable  state  of  the  atmosphere,  does  not  exceed  3500  ;  by 
the  aid  of  the  telescope  indeed ,  we  discover  myriads  of  stars,  which  were 
inaccessible  to  the  naked  eye,  and  as  we  increase  the  power  of  the  instru- 


*  For  a  better  knowledge  of  tli«  Constellations  and  the  Fixed  Stars  in  general  made 
use  of  in  Natigation,  reference  must  be  made  to  the  "  Planispherb  of  the  Stap?, 
with  Directions  to  find  their  positions  i.i  the  hea\eni,  with  respect  to  each  other/' 
which  I  have  published  for  the  use  of  the  Navig-.tor. 
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menty  more  and  more  of  these  bodies  are  brought  into  view,  so  that 
their  nmbers  may  without  impropriety  be  deemed  infinite. 

More  than  2000  stars  have  been  observed  in  the  constellation  Orion, 
and  upwards  of  188  in  the  Pleiades,  Galileo  found  80  in  the  belt  of 
Orion's  sword^  21  in  the  nebulous  star  in  his  head^  and  about  500  withiu 
the  space  of  one  or  two  degrees^  in  another  part  of  the  constellation. 

The  same  observer  also  counted  more  than  40  in  the  luminous  spot  in 
the  constellation  Cancer,  called  Pra9epe  or  the  bee-hive,  and  in  a  portion 
of  the  milky-way,  (which  is  nothing  but  an  assemblage  of  stars,  too  re- 
mote to  be  seen  separately,  but  so  closely  disposed  as  to  give  a  luminous 
appearance  to  that  part  of  the  heavens  in  which  they  are  situated,) 
Dr.  Herschel  observed  the  surprising  number  of  116,000  stars,  pass 
through  the  field  of  view  of  his  telescope,  in  one  quarter  of  an  hour's 
time. 

In  endeavouring  to  determine  our  own  particular  situation,  with 
respect  to  surrounding  objects,  and  more  particularly  when  these  objects, 
although  within  our  field  of  view^  are  extremely  remote,  the  first 
question  that  naturally  suggests  itself,  is  how  far  distant  those  objects 
are  from  us,  and  this  is  one  of  those  enquiries  which  may  in  general,  be 
answered  with  numerical  precision,  if  not  by  simple  and  direct  measure- 
ment, at  leasi,  by  the  application  of  geomelrical  principles;  with  respect 
however,  to  the  fiied  stars,  this  is  far  from  being  the  case;  every 
attempt  that  has  hitherto  been  made  to  discover  the  annual  parallax 
of  these  bodies,  in  order  to  determine  their  distance,  only  tending  to 
prove,  tliat  the  diameter  of  the  earth's  orbit,  in  length  190,000,000 
miles,  does  not  subtend  a  sensible  parallax,  at  the  nearest  fixed  star 
that  has  been  observed  for  this  purpose,  yet  such  is  the  nicety  to  which 
tlicso  observations  have  been  carried,  that  did  the  parallax  or  angular 
dlfFcrcnce  in  the  apparent  place  of  the  star,  as  viewed  from  the  opposite 
extremities  of  this  enormous  base,  amount  to  a  single  second,  it  could 
not  possibly  have  escaped  detection. 

Parallax^  in  its  most  simple  form,  may  bo  defined  the  angular  dis- 
tiince  between  the  apparent  places  of  a  remote  object,  viewed  from 
two  different  stations,  and  it  is  always  equal  to  the  angle  which  a 
lino,  joining  these  stations,  subtends  at  the  object. 

This  phenomenon  arises  from  our  constantly  referring  the  position  of 
any  distant  object,  to  the  surface  of  an  imaginary  sphere  of  an  indefinite 
raAius,  having  our  eye  for  its  centre. 

To  illustrate  this  subject,  let  a  and  b,  in  the  marginal  figure,  be  two 
stations  from  which  we  view  the  object  s. 

At  B  the  object  is  referred  to  the  point  b,  in  tlio  imaginary  sphere. 
I»y  the  visual  lino  hsb\  and  at  a,  it  is  in  like  manner  referred  to  the 
|)oiut^,  tliis  apparent  angular  change  of  place  in  the  object,  arising: 
in»:u  uiii  rl;.Mii;(^  of  position,  is  called  the /?ffra//cx,  and  is  expressed  by 
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the  angle  ashy  which  is  equal  to  the  angle  a«b,_ 
subtended  at  the  object  Sy  by  a  line  joining 
the  stations  a  and  b. 

Now  it  is  obTious,  from  the  figure,  that  the 
parallax  decreases,  as  the  distance  of  the  ob- 
ject increases  ;  for  if  the  object  be  removed  to 
9^,  the  parallactic  angle  is  bs^c,  and  at  s^  it  is 
only  b8"d\  when  therefore,  as  is  the  case  with 
the  fixed  stars,  the  distance  of  the  object  be- 
comes extremely  great,  in  comparison  of  the 
distance  between  the  stations  from  which  it  is 
observed,  the  parallax  becomes  insensible, 
that  is,  the  place  of  the  object  remains  un- 
changed. 

But  although  we  cannot  determine  the  true 
distance  of  me  nearest  fixed  star,  yet  limits 
may  be  asagned,'  beyond  which  it  must  be 
^aiced,  and  we  accordingly  do  know  that  it 
cannot  be  less  than  20>000j000^000  miles  from 
ns.* 

The  distance  of  the  stars  being  unknown, 
we  can  only  form  conjectures  respecting  their 
r^  magmtudes,  or  mtrinsic  splendour,  and 
in  these  enquiries  no  direct  information  is  to 
be  gained  from  the  telescope,  since  the  fixed 
stars,  even  when  examined  by  very  good  in- 
struments of  this  kind,  have  no  apparent  dia- 
meter, but  appear  only  like  brilliant  points  in 
the  heavens. 

From  experiments  hitherto  made  upon  the 
light  emitted  by  some  of  these  bodies,  it  is '^ 
probable  that  none  of  them  are  inferior,  and  that  the  major  part  of 
them  are  superior  to  our  sun  in  magnitude. 

It  has  been  already  observed,  .that  the  earth  is  flattened  at  the  poles, 
and  swelled  out  at  the  equator,  whence  it  assumes  the  form  of  an  oblate 
spheroid.  By  the  joint  action  of  the  sun  and  moon,  upon  the  protu- 
berant parts  of  this  spheriod,  or  the  equatorial  regions  of  the  earth,  a 
phenomenon  is  produced,  called  the  Precession  of  the  Equinoxes,  being 
a  slow  and  almost  imperceptible  motion,  by  which  the  eqmnoxcs  change 
their  places,  going  backwards,  or  westward  on  the  ecliptic,  contrary  to 
the  order  of  the  si^ns,  at  the  rate  of  about  50  J  seconds  in  a  year,  in 
consequence  of  which  precession,  the  longitude  of  all  the  stars  (being 
reckoned  from  the  first  point  of  Aries,)  will  increase  50^  seconds  every 
year. 


*  The  parallax  here  ipokett  of  must  not  bw  eonfoanded  with  the  diurnal  pnrQlhXt  or 
pmUemin  mltHudtf  hereafter  to  be  described. 
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By  Ihifi  retrogradation  of  the  equinoctial  points,  the  signs  of  the 
ecliptic,  which  in  the  time  of  Ilipparchus,  (by  whom  this  phenomenon 
was  discovered)  corresponded  with  the  constellations  after  which  they 
are  named,  have  moved  backwards  about  30  degrees;  they,  however,  still 
retain  their  ancient  names,  notwithstanding  their  having  shifted  their 
places,  with  regard  to  their  constellations,  one  whole  sign ;  thus  the 
lirst  sign,  or  first  of  the  twelve  equal  portions  into  which  the  ecliptic  is 
divided  is  still  called  Aries,  although  it  now  corresponds  to  the  constel- 
lation of  the  Fishes ;  the  second  sign  is  called  Taurus,  though  in  the 
constellation  Aries,  and  so  on. 

The  variation  in  the  right  ascension  and  declination  of  the  stars,  giyen 
in  Table  12,  is  also  attributable  to  the  same  cause.  The  equinoctial 
points  make  a  complete  revolution  in  something  less  than  26,000  years^ 
the  poles  of  which^  consequently,  describe  a  circle  round  the  poles  of  the 
ecliptic,  whose  diajneter  is  about  47  degrees,  being  equal  to  twice  the 
inchnationof  the  ecliptic  to  the  equator. 

The  annual  precession  being  as  above  described,  it  is  evident,  that  if 
the  sun  set  out  from  one  of  the  equinoctial  points^  he  will,  in  describing 
his  apparent  annual  revolution,  arrive  at  the  sameequinoctial  point  again 
something  before  he  has  performed  a  complete  revolution  in  the  heavens; 
for  the  equinoctial  point  from  which  he  set  out,  has,  as  it  were,  retreated 
50^  seconds  to  meet  the  sun,  hence  the  sun's  arrival  at  that  point  pre- 
cedes  liis  arrival  at  the  same  fixed  spot  in  the  heavens,  from  which  ho 
started  the  year  before,  by  20'  23"  of  time,  or  by  an  arc  of  50^  seconds. 
Tliis  revolution  of  the  sun  from  an  equinox  to  the  same  again,  is  called 
a  tropical  or  solar  year,  and  is  that  upon  which  the  seasons  depend. 

The  time  in  which  the  sun  revolves  fron^  any  fixed  star  to  the  same 
fixed  star  again,  is  called  a  sidereal  year,  and  is  the  true  time  in  which 
he  performs  a  complete  revolution  in  the  heavens ;  the  difference  there- 
fore between  a  tropical  and  sidereal  year  is  20  minutes  23  seconds,  the 
former  being  performed  in  365d.  5h.  48m.  49s.  and  the  latter  in  d65d. 
6h.  9m.  12s. 

It  has  been  remarked  that  the  precession  of  the  equinoxes,  is  caused 
by  the  joint  action  of  the  sun  and  moon,  upon  the  equatorial  regions  of 
our  earth.  In  producing  this  phenomenon,  the  effect  of  the  moon  greatly 
exceeds  that  of  the  sun  ;  for  although  the  magnitude  of  the  sim  so  fiir 
surpasses  that  of  the  moon,  yet  the  proximity  of  the  latter,  more  than 
compensates  for  the  excess  of  magnitude  in  the  former,  and  it  is  found, 
tliat  of  the  whole  precession,  very  Uttle  more  than  15s.  is  produced  by 
the  attraction  of  the  sun,  while  that  of  the  moon  exceeds  35s. ;  there  is, 
however,  an  inequahty  in  the  part  of  the  precession  produced  by  the 
action  of  the  moon,  caused  by  the  perpetual  change  in  tbfe  position  of  her 
nodes,  and  the  inclination  of  her  orbit  to  the  eartii's  equator. 

To  these  causes,  also,  is  to  be  principally  attributed  an  apparent 
motion  in  the  fixed  stars,  resulting  from  a  real  motion  of  the  earth's  axis, 
called  its  nutation.  By  this  motion  it  describes  from  east  to  west  a 
small  ellipse  in  the  heavens,  whose  diameters  are  19*1  seconds,  and  14'2 
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1^  and  its  period,  wliich  ooirespondt  to  that  of  the  revolution  of 
tlie  moon's  nodes^  is  18  years.  One  of  the  most  important  effeets  of 
this  nutation,  is  the  change  produced  by  it,  together  with  the  precession 
of  the  equinoxes,  in  the  obliquity  of  the  ecliptic,  which  change  is  com- 
pmted  for  different  timet  of  the  year,  and  set  down  in  the  ephemeris: 


The  ovbits  of  all  the  other  planets  being  inclined  to  the  earth's  equa- 
tor, the  action  of  those  bodies  upon  the  protuberant  matter  about  the 
Suatorial  regions,  must  also  have  a  tendency  to  diminish  the  obliquity 
the  ecliptic,  and  also  to  produce  a  precession  in  the  equinoctial  points. 
Their  effeeta^  however^  are  almost  insensible:  the  diminution  of  the 
oMiquity,  arising  from  the  united^action  of  all  the  planets,  not  exceeding 
50  seconds  in  a  eentwyj  and  the  corresponding  precession  amounts  only 
to  18^  seconds. 

COMSTS, 

watt  dietingoished  from  the  Planets  by  their  dull  and  cloudy  appearance, 
— their  r^»d  and  seemingljF  irregular  motions, — ^the  long  train  of  light 
wUdi  frequmily  aceompames  them, — and  by  their  being  found  in  every 
pari  ctf  the  firmament;  they  may  be  considered  a  distinct  speeies  of  bodies 
qoile  vneonneeted  with  the  object  <tf  this  Treatise. 


ASTRONOMICAL  DEFINITIONS. 

It  being  of  ^eat  importanoe  that  the  pupU  should  properly  understand 
the  Astronomical  terms  made  use  of  in  the  following  pages,  before  pro- 
ceedings to  the  explanation  or  solution  of  the  methods  for  determining 
the  place  of  a  ship  at  sea,  by  celestial  observations,  the  following  Defi- 
nitions are  introduced  for  the  purpose  of  giving  a  clearer  insight  into  a 
knowledge  of  the  science; 

The  edestud  sphere  is  that  vast  apparent  concave,  in  which  the  hea- 
venly bodies  seem  to  be  situated. 


are  semicircles  passing  through  the  pole  of  the 
heavens. 

The  planes  of  all  the  great  circles  of  the  celestial  sphere,  form,  by  their 
intersectioiis  with  the  surbee  of  the  earthy  eorresponding  great  circles  on 
the  latter. 

This  transference  of  the  circles  from  one  sphere  to  the  other,  may, 
however,  be  sometimes  more  elearly  understood,  by  conceiving  the  planes 
of  great  circles  on  the  earth  to  be  extended  to  the  sphere  of  the  heavens  i 
but  the  most  perfect  notion  of  the  mutual  reference  of  the  circles  of  one 

19 
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sphere  to  the  other^  may  be  obtained  by  imagining  the  celestial  sphere 
to  be  uniformly  contracted  in  its  dimensions^  withont  any  change  mthe 
relative  position  of  its  parts^  till  it  be  just  sufficient  to  inclose  the  ter* 
restrial  sphere^  by  which  method  the  small  as  well  as  the  great  circlcsof 
the  heavens,  may  be  transferred  to  the  same  positions  on  the  earth,  re- 
taining, however,  their  proper  or  individual  names ;  thus,  those  cirdeft 
which  in  the  celestial  sphere  sreparaUeh  of  deelmation^  north  and  south 
of  the  equinoctial,  h&oom^  parallels  of  latitude  on  the  earth,  at  corres- 
ponding distances  from  the  equator,  &e. 

The  axis  of  the  celestial  sphere  is  an  imaginary  line  passing  through 
the  centre  of  the  earth,  and  produced  to  the  heavens ;  about  which  Ime 
all  the  heavenly  bodies  appear  to  have  a  diurnal  revolution** 

The  poles  of  the  celestial  sphere  are  the  extremities  of  its  axis,  the  one 
being  called  the  north,  and  the  other  the  south  pole. 


The  equinoctial  is  a  great  circle  coincident  with  the  terrestrial  equator, 
and  dividing  the  heavens  into  two  hemispheres  the  northern  and  southern, 
it  is  called  the  equinoctial,  because,  when  the  sun  appears  in  it,  the  days 
and  nights  are  of  an  equal  length  all  over  the  world,  vis.  12  hours  eadi. 
This  happens  twice  in  the  year,  about  the  21st  of  March,  and  the  23rA 
of  September,  the  former  is  called  the  vernal,  and  the  latter  the  auhmmal 
equinox. 

The  ecl^tic  is  that  great  circle  in  which  the  annual  revolution  of  the 
earth  round  the  sun  is  performed.  It  is  so  named,  because  eclipses  can- 
not happen,  but  when  the  moon  is  in  or  near  that  circle,  {see  Edipses, 
page  136. 

It  cuts  the  equinoctial  in  an  angle  of  23^  28*^  which  is  called  the  oftfi- 
quity  of  the  ecUptic,  The  ecliptic  is  divided  into  twelve  equal  parts,  of 
30o  each,  called  signs,  which  are  named  after  certain  constallations  in 
the  heavens,  through  which  the  ecliptic  itself  passes 

Their  names  and  characters  are  as  follows  : 

Vf  Gapricomut 
ss '.  Aquarius 
K  Pisces 

The  first  six  signs  lie  on  the  north  of  the  equinoctial,  and  are  called 


*  Although  the  earth's  real  motion,  from  woit  to  east,  on  it8.axifl,  is  the  causa  of  daj 
and  night,  and  of  the  apparent  diomal  motion  of  all  the  heayenlj  bodies  from  east  to  west, 
and  althought  also,  the  earth's  annual  rerolution  about  the  sun,  is  the  cause  of  the  Ticiaai- 
tudea  of  the  seasons,  yet  as  all  the  phenomena  resulting  from  these  motions  will  be  the  same 
whether  the  earth  moves  and  the  celestial  sphere  be  at  rest,  or  yioe  versa,  we  shall,  when- 
ever we  find  it  most  convenient  so  to  do,  speak  of  the  earth  as  being  at  rest,  in  the  centre 
of  tlie  celestial  sphere,  and  ascribe  to  the  heavenly  bodies  those  motions,  which  they  appear 
to  have  to  a  spectator  on  the  surface  of  the  earth. 


T  Aries 

s  Cancer 

d[h  Libra 

0   Taurus 

SI  Leo 

v\,  Scorpio 

n  Gemini 

vg  Virgo 

t  Sagittarius 
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tlie  martkent  jb^m,  tbe  list  ax  lying  on  the  KHith  are  called  somikem 


'Bkt  tem  siffmB  is,  hj  aatbon  in  general,  applied  to  the  Jod&K,  as  weD 
as  to  tbe  ediptie ;  nnoe,  however,  the  signs  of  the  ecliptic  no  longer 
eohicifle  with  the  conntfllstionsj  firom  which  their  names  are  derived,  it 
would  be  weD  to  drop  the  term  signs  of  the  soUae,  oommonly  nsed  sy- 
nonymonaiy  with  ngns  aftki  esBpiie,  and  always  to  snbstitate  the  word 
ttmwJQnmfumi,  whea  referring  to  the  former. 

The  signs  of  the  eeliptie  are  entirely  auutroms,  haying  no  eoirespond- 
ine  rtsn,  they  are  abo  of  eqoal  extent,  each  eontaining  30"*,  while  the 
wwiarJ  aigns,  as  they  are  ernmeonsly  called,  are  composed  entirely  of 
eoDstdktians,  oecopying  spaces  of  Tery  mieqoal  dimensions, — great 
eonfbaion  to  learners  woold  be  thus  avoided.  The  latter  circle,  or  rt^er 
aone  of  the  celestial  sphere  will  be  described  in  treating  of  the  Fixid 


Tbe  poles  of  ike  earth  are  the  extremities  of  the  axis  or  line  on  which 
the  earth  revolves,  and  are  called  north  and  south  poles. 

By  the  eleoatum  of  the  pole  is  meant  the  altitude  of  the  pole  above  the 
horiacm^  or  an  are  of  the  meridian  intercepted  between  the  pole  and  the 
horisDO,  and  is  equal  to  the  latitude  of  the  place,  as  will  be  seen  in  the 
figure,  at  the  commencement  of  the  Methods  for  findbg  the 
Latitiide. 


The  eokwes  are  two  great  circles,  imagined  to  intersect  each  other  at 
right  angles  in  the  poles  of  the  world;  viz. 

The  eqmnocAd  eoben  which  passes  through  the  poles  and  the  equi- 
noctial points,  and 

The  solstitial  cohtrs  which  passes  through  the  poles  and  the  solstitial 
points.  Cancer  and  Capricorn. 

The  banning  (tf  the  sign  Cancer,  and  the  beginning  of  the  sign 
Capricorn,  are  called  sobtitial  points,  because  when  the  sun  is  near  them 
his  altitude  at  noon  does  not  sensibly  vary  for  several  days  together,  he 
therefore  appears  to  stand  still  or  stop,  l^e  former  is  caUed  the  summer 
sslsties,  bemg  the  most  northemly  point,  or  declination^  the  sun  ever 
attains :  and  the  latter  is  cslled  the  winter  solstice,  because  at  that  time 
he  arrives  at  his  most  southemly  point.  But  this  distinction  is  to  be 
understood  as  applicable  only  to  the  northern  hemisphere,  for  in  the 
southern,  the  sun's  entrance  mto  Capricorn  makes  the  summer  solstice, 
and  that  into  Cancer  the  winter  solstice. 

The  equinoctial  points  are  the  two  opposite  points  where  the  ecliptic 
intersects  the  equator  or  equinoctial;  that  at  which  the  sun  crosses  from 
the  south,  to  the  north  side  of  the  plane  of  the  equator,  is  called  the  first 
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point  of  ArieB,  or  the  vernal  equinox^  c^posite  to  which  ig  the  begiiBiiiig 
of  the  sigixLibra^  or  the  auttannal  equinox. 

The  tropics  are  two  circles^  parallel  to  the  equinoctial^  which  the  vaxk, 
appears  to  describe  when  he  arrivea  at  the  solstitial  points^  they  are  so 
called,  becausci  after  describing  either  of  these  circles,  he  appears  to  turn 
back  towards  the  equinoctial ;  that  tropic  which  cuts  the  be^nning  of 
the  sign  Cancerj  is  called  the  trtgfnc  of  Cancer,  and  iSke  other  the  iroptc 
ofCaprieom. 

The  arctic  circle  is  a  small  circle  parallel  to  the  equinoctial,  at  the 
distance  of  28''  28'  from  the  north  pole^  or  66"*  32'  from  the  equinoctial* 

The  aniariic  circle  is  a  similar  circle,  at  the  same  distance  fiom  the 
south  pole,  as  the  arctic  circle  is  from  the  north. 

The  latitude  of  a  star  or  planet  is  its  angular  distance  from  the  ecliptic 
northwards  or  southwards,  reckoned  in  degrees,  minutes,  and  seconds^  on 
a  circle  of  longitude,  or  circle  intersecting  the  ecliptic  at  right  angles, 
and  consequently  passing  through  its  poles. 

The  longitude  of  a  heavenly  body  is  its  distance  eastward,  reckoned  on 
the  ecliptic,  from  the  point  Aries^  or  that  intersection  of  the  ecliptic  and 
equinoctial,  from  whicn  the  former  ascends  north  of  the  latter.  Celestial 
longitude  is  estimated  in  degrees,  minutes,  and  seconds,  from  0  to  360*, 
or  in  signs  of  30""  each,  from  0  to  12  signs. 

The  declination  of  any  celestial  object,  is  its  angular  distance  from  the 
equinoctial,  northward  or  southward. 

Parallels  of  declination  are  circles  parallel  to  the  equinoctial. 

The  right  ascension  of  any  celestial  body,  is  its  distance  from  the  point 
Aries,  reckoned  on  the  equinoctial,  either  in  degrees,  minutes,  &c.  from 
0  to  360^,  or  in  hourfi,  minutes,  and  seconds,  from  0  to  24  hours. 

The  nodes  are  the  points  in  which  the  plane  of  any  planet's  orbit,  or 
path,  intersects  the  plane  of  the  ecliptic.  That  pomt  from  which  the 
planet  ascends  from  the  south  towards  the  north  of  the  ediptic,  is  called 
its  ascending  node,  and  is  thus  marked  3 ,  the  other  is  called  the  south 
or  descending  node,  and  is  thus  marked  8 . 

The  Msnith  is  the  vertical  point  or  that  point  in  the  heavens  imme- 
diately over  the  head  of  the  observer. 

The  nadir  is  the  pmnt  of  the  heavens  directly  under  his  feet.  The 
genith  and  nadir  are  at  the  same  angular  distance  from  the  celestial 
equator,  that  the  observer  is  from  the  terrestrial  one. 
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Hie  geniik  and  nadir  are  the  poles  of  the  horiaon. 

The  genith  distance  of  any  object  is  its  angular  distance  from  the 
zenith,  and  is  the  complement  of  the  altitude  to  90". 


The  pitiUe  or  apparent  horizon,  is  that  drde  which  bounds  the  sight 
of  the  spectator  on  aU  sides,  where  the  earth  and  sky  appear  to  meet, 
and  ia  of  greater  or  less  extent  according  as  the  eye  is  nearer  to,  or  more 
remote  from  the  le^d  of  the  earth ;  it  divides  the  sphere  into  two 
unequal  parts. 

The  eentibk  horizanis  a  plane  passing  through  the  eye  of  an  observer, 
peipendicular  to  a  plumb  Ime  hanging  freely,  its  poles  are  the  zenith 
and  nadir.  Altitudes  taken  on  shore,  are  measured  from  the  sensible 
horizon. 

The  rationed  or  hve  horizon,  is  a  plane  passing  through  the  centre  of 
the  earth',  parallel  to  the  eendble  horizon,  dividing  the  sphere  into  two 
equal  parts,  that  which  is  above  the  horizon  being  called  the  pieUfle  and 
that  bekiw  the  horizon  the  invieible  hemisphere. 

The  aeneibb  and  rational  horizon,  though  distant  from  each  other  by  the 
semidiameter  of  the  earth,  will  appear  to  coincide,  when  continued  to  the 
sphere  of  the  fixed  stars,  because  the  earth,  compared  with  this  sphere 
is  but  a  spot 

The  dip  of  the  horizon  is  the  angle  contained  between  the  sensible  and 
apparent  horizons,  the  angular  point  being  the  eye  of  the  observer. 

Vertical  drelee^  called  also  drdee  qf  azimuth,  are  great  circles  of  the 
q>here,  passing  through  the  zenith  and  nadir ;  they  are  therefore  per- 
pendicular to  Uie  horfaBon. 

The  mime  vertical  is  a  circle  at  right  angles,  to  the  meridian,  and 
meets  the  horizon  in  the  east  and  west  points.  *When  an  object  is  on 
the  prime  vertical  its  azimuth  is  90«. 


The  meridian  of  any  place  is  a  semicircle  passing  through  that  place, 
and  terminating  at  the  poles  of  the  equator,  the  other  half  of  this  circle 
is  called  the  d^^ioeite  mmdian.  TbaAret  meridian  is  an  imagmary  semi- 
drde  passing  dirough  any  remarkable  place.  The  English  reckoning 
that  circle  their  first  merioian,  which  passes  through  the  Observatory  at 
Greenwich. 

The  altitude  of  any  celestial  object,  is  its  height  above  the  horizon, 
measured  on  a  vertical  circle. 

PardlleU  of  altitude  are  circles  parallel  to  the  horizon. 

The  meridian  altitude  is  the  distance  of  an  object  from  the  horizon, 
when  on  the  meridian  of  the  place  of  observation,  and  will  evidently  be 
the  greatest  altitude  the  object  can  have. 
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The  aUiiude  of  a  edetiial  ob/ed  as  seen  from  the  mxrbiee  of  the  earth, 
is  called  the  (gjipareni  altitude^  bat  as  seen  from  the  centre  the  true 
altitude. 

The  iemldiameter  of  an  object  is  half  the  angle  subtended  by  the  dia- 
meter of  the  visible  disc. 

AMgrnenfatiofii.  Since  the  moon  is  nearer  to  an  observer  on  the  earth, 
when  she  is  in  the  senith  than  when  in  the  horison,  by  the  earth's  semi- 
diameter,  she  must  therefore  increase  her  semidiameter,  as  die  increases 
her  altitude  from  the  horison  to  the  senith^  this  increase  is  called  the 
augmeniatum  of  the  moan's  oeaddiameier. 

The  azvmUh  of  a  body  is  the  arc  of  the  horison  intercepted  between 
the  vertical  circle  and  the  meridian,  or,  it  is  the  angle  at  the  senith, 
formed  by  the  meridian  and  the  vertical  drde  passing  through  the  object, 
and  may  be  measured  either  from  the  north  or  south. 

The  amplitude  of  any  object  is  the  arc  of  the  horiion  between  the 
object  at  its  rising  or  setting,  and  the  east  or  west  point  of  the  horison, 
and  ii  named  eastern  or  western  amplitude  accordingly,  and  is  the  com- 
plement of  the  azimuth. 


Hour  eirclei  are  the  same  as  the  meridians,  being  great  cirdlea  whidi 
pass  through  the  poles  of  the  earth,  perpendicular  to  the  equator. 

The  hour  angle  or  horary  angle  is  the  angle  at  the  pole,  contained  be- 
tween the  meridian  of  the  place  of  observation  and  the  circle  passing 
through  the  object,  and  is  measured  on  the  equinoctial  or  cdestial  equa- 
tor, in  the  same  way  that  longitude  is  measured  on  the  terrestrial 
equator,  being  converted  into  time  at  the  rate  of  15^  to  an  hour. 

Equation  of  time  is  the  difference  between  equal  or  mean  time  as  shewn 

by  a  well  regulated  olock  or  watch,  and  tgpparent  time  as  shewn  by  a 

sun-dial ;  or  the  difference  between  the  true  and  mean  sun,  and  depends 

on  the  obliquity  of  the  ecliptic,  combined  with  the  unequal  motion  of 

the  earth  in  her  orbit 

•  • 

Sidereal  time  begins  when  the  first  point  of  Aries  is  on  the  meridian, 

and  is  counted  through  24  hours,  until  the  same  point  is  again  there. 

A  sidereal  year  is  that  space  of  time  which  the  sun  takes  in  moving 
througb  tke  ecliptic,  from  any  fixed  star  to  the  same  fixed  star  again. 

The  sidereal  time  at  mean  noon,  is  the  right  ascension  of  the  meridian 
at  the  instant  the  sun,  if  he  moved  uniformly,  would  be  on  it :  in  other 
words,  it  is  the  angular  distance  of  the  first  point  of  Aries  from  the  me- 
ridian, at  the  instant  of  mean  noon ;  it  is  therefore  the  right  ascension  of 
the  mean  sun  or  the  time  which  ought  to  be  shewn  by  a  sidereal  clock  at 
Greenwich,  when  the  mean  time  clock  shows  Oh.  Om.  Os. 
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A  mdereai  ifay  isthe  time  between  two  saoceasive  tatnsits  of  astar  over 
the  same  meridian,  it  is  divided  into  sidereal  hours,  minutes  and  seconds, 
and  is  a  mode  of  reckoning,  much  used  by  astronomers  in  determining 
the  right  ascension  of  the  heavenly  bodies. 

The  distance  of  the  fixed  stars  is  so  immensely  great,  that  in  com- 
parison of  it,  the  orbit  in  which  the  earth  revolves  round  the  sun,  sinks 
mto  a  mere  physical  point,  in  consequence  of  which*  and  the  uniformity 
of  the  earth's  motion  on  its  axis,  any  given  meridian  revolves  from  any 
fixed  star,  to  the  same  star  again,  in  the  exact  time  that  the  earth  com- 
pletes a  rotation  on  its  axis;  viz.  23h.  56m.  S*4s.  and  this  would  hke- 
wiaebe  the  case  with  regard  to  the  sun,  if  the  earth  had  only  a  diurnal 
without  an  annual  motion,  but  as  the  earth,  while  turning  once  round 
its  axis,  advances  almost  a  degree  eastward  in  its  orbit,  if  the  sun  be  on 
the  meridian  of  any  place  on  a  certain  day,  the  earth  tnust  perform 
something  more  than  a  complete  rotation,  in  order  to  bring  the  same 
meridian  under  the  sun  on  the  day  following ;  in  other  words,  the  earth, 
in  order  to  bring  the  sme  meridian  round  &om  the  sun  to  the  sun  again, 
must  perform  one  complete  rotation  on  its  axis,  and  as  much  in  propor- 
tion of  another  rotation  as  it  has  advanced  in  its  orbit  during  that  time, 
namely,  about  one  365th.  part  at  a  mean  rate,  consequently  in  365  days 
the  earth  must  perform  366  rotations,  and  since  each  rotation  completes 
a  gidereal  dojf,  there  must  be  366  sidereal  days  in  a  year ;  or,  in  more 
general  terms,  since  a  rotation  of  any  planet  about  its  axis,  is  the  length 
of  a  sidereal  day  to  that  planet,  the  number  of  sidereal  days  will  always 
exeeed  the  number  of  solar  days  by  one,  let  that  number  be  what  it  may, 
one  rotation  being  always  lost  in  ue  course  of  an  annual  revolution,  by 
the  planets  going  round  the  sun. 


A  ndereal  clock  represents  the  rotation  of  the  earth  on  its  axis,  as  referred 
to  the  stars;  its  hour  hand  performing  a  complete  revolution  through  the 
24  hours,  in  the  interval  between  the  departure  of  any  meridian  from  a 
star,  to  its  next  return  to  it. 

The  howr  angle  of  the  Jmi  poini  of  Aries  IB  ike  right  ascension  of  the 
meridian* 

Anoppar^n/ or  «o2sr  day  is  the  time  between  the  sun's  leaving  the 
of  a  place  and  his 'arrival  at  the  same  meridian  again. 


A  mean  naiwral,  or  solar  day.  The  earth^s  motion  about  its  axis 
being  perfectly  uniform,  the  sidereal  days  are  always  of  the  same  length, 
but  the  wclar  tst  natural  days  vary  consiaerably  at  ai£Eerent  times  of  the 
year,  and  in  order  to  obviate  this  inconvenience,  recourse  is  had  to  afiMon 
iolar  day,  the  length  of  which  is  equal  to  the  mean  of  all  the  apparent 
solar  days  in  a  year,  and  is  such  as  would  be  shown  by  the  sun  if  the 
earth  revolved  with  an  equable  motion  in  a  circular  orbit  round  the  sun, 
and  had  at  the  same  time  its  axis  perpendicular  to  the  plane  of  its  orbit ; 
this  not  being  the  case,  the  time  shown  by  a  dock,  which  always  shows 
mean  time,  and  that  shown  by  a  true  sun  ^isl  is  seldom  the  same,  the 


4* 
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difference  being,  as  before  explfined,  the  eguaiion  of  time  at  equation  of 
natural  dajfa.  This  difierence  is'  set  down  in  pages  I  and  II  of  each 
month  in  the  Nautical  Almanac;  to  reduce  apparoHi  to  mean  time,  the 
equation  is  to  be  taken  from  page  I  of  the  month,  but  to  reduce  mean  to 
tmpareni  time  it  is  taken  firom  page  11^  in  each  case  to  be  applied  as 
curected  at  the  top  of  the  respectiTe  column. 

A  meam  eolar  iof  consists  of  24  hours,  and  is  either  ciTil  or  astro- 
nomical. 

A  9olar  or  irepieal year  is  theintenral  of  time  between  two  successive 
returns  of  the  sim  to  the  same  equinoctial  or  soktitial  point. 

An  anamalutic  year  is  the  interval  of  time  between  two  successive 
returns  of  the  earth  to  the  same  apsis. 

The  cmliay  ot  that  which  is  applied  to  the  civil  purposes  of  fife, 
begins  and  ends  at  midnight,  it  is  divided  into  tfricel2hour^  the 
first  12  hours  of  the  civil  da^,  from  midnight  to  the  noon  following,  are 
said  to  be  A.M.  (ante  meridiem,)  the  last  12  hours,  that  is,  the  12  hours 
between  noon  and  the  foDowing  midnight,  are  called  P.M.  (post 
meridiem.)  'Jj      i^-^y 


v.* 


The  astronomical  day  commences  at  the  noon  of  the  ciTil  dsf  ol  the 
same  date,  and  ends  at  the  following  noon,  the  hours  being  reekoned 
from  0  at  noon  up  to  24,  without  any  distinction  of  A.M.  md  P.M. 
when  therefore,  the  given  civil  time  is  in  tho  afternoon,  {or  P.M.)  it 
answers  to  the  astronomical  day  of  the  same  date,  but  when  the  given 
civil  time  is  before  noon  (or  A.M.)  we  must  add  12h.  to  it,  to  (xmvert  it 
into  astronomical  time,  which  will  be  of  the  day  of  the  month  preceding 
the  given  civil  day;  thus  6h.  15m.  P.M.  civil  time  of  the  4th  of  April, 
is6h.  15m.  astronomical  time  of  the  same  date;  but  6h.  15m  A.M. 
civil  time  on  the  4th  of  April,  is  18h.  15m.  astronomical  time  on  the  3id 
of  April. 

The  namiieal  day  ends  at  the  instant  that  tiie  asironomicdi  day  of  the 
same  date  begins ;  nautical  time  therefore,  is  always  24  hours  in  advance 
of  astronomical  time,  to  convert  it  into  which,  we  have  only  to  reckon  the 
hours  from  the  preceding  noon,  and  to  change  the  day  of  the  month  to 
that  preceding  the  ^en  day ;  thus,  6h.  15m,  P.M.  nautical  time  on 
April  the  4th,  is  6h.  15m.  r.M.  astronomical  time  on  the  3rd  of  April ; 
and  6h.  15m.  A.M.  on  die  4th  of  Aprtl^  nautieal  time,  is  18h.  15iil  on 
the  3rd  of  April,  astronomical  time. 

Hence  it  appears  that  the  same  noon  answers  for  any  given  day,  in  aU 
the  three  methods  of  reckoning ;  the  noon  of  the  astronomical  day  being 
the  instant  that  it  begins,  that  of  the  nautical  day  the  instant  when  it 
ends,  and  both  taking  place  at  the  noon  of  the  civil  day  of  the  same 
date. 

The  artificial  day,  al  any  place,  is  the  time  of  the  sun's  continuance 
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sboTe  the  homon  of  that  place.  If  the  earth's  axis  were  perpendicular 
to  the  plane  of  its  orbit,  the  artificial  day  would  always  be  very  nearl  j 
of  the  same  lei^h.  The  earth's  axis  howeTer,  is  declined  23"  28'  from 
the  perpendicnlir^  or,  which  is  the  same  thing,  it  is  inclined  66**  32^  to 
ibe  plane  of  the  ecliptic ;  on  which  account,  and  its  always  continuing 
parallel  to  itself,  during  the  whole  of  the  earth's  annual  reyolution 
round  the  sun,  the  artificial  day  is  perpetually  yarying.  Thus,  on  the 
21st  of  June,  the  north  pole  inclines  towards  the  sun,  by  which  inclin* 
ation  of  the  earth's  axis,  the  sun,  at  this  season  of  the  year,  is  23*  28' 
aboye  the  terrestrial  equator;  and  as  he  enlightens  only  one  half  of  the 
earth  at  a  time,  the  north  pole  will  be  illuminated,  and  this  illumination 
win  extend  23"*  28'  beyond  the  pole,  to  the  most  distant  part  of  the 
arctic  circle,  the  whole  of  which,  during  the  earth's  diurnal  rotation,  will 
enjoy  perpetual  day ;  while  for  the  same  reason,  those  parts  of  the 
earth  comprehended  within  the  antarctic  circle,  will  be  inydyed  in  total 


Those  r^ons  of  the  earth  which  lie  between  the  arctic  circle  and  the 
equator,  wm,  during  a  part  of  the  earth's  diurnal  reyolution  be  carried 
into  the  dark  hemisphere,  but  as  they  will  continue  during  a  longer 
period  in  the  enlightened  hemisphere,  the  day  wiU  be  longer  than  the 
night.  At  the  equator,  the  day  and  night  will  be  exactiy  of  an  equal 
length  all  the  year  round. 

On  the  21  st  of  December,  the  earth  beinc  in  the  opposite  point  of 
Hs  orbit,  and  the  north  pole  declining  from  Ae  sun,  the  reyerse  of  this 
takes  j^aoe ;  the  whole  of  the  arctic  circle  is  inyolyed  in  darkness, 
while  the  antarctic  circle  is  entirely  illuminated.  Those  places  which 
lie  between  the  arctic  drcle  and  the  equator  haye  the  night  longer  than 
the  day ;  while  those  which  lie  between  the  equator  and  the  antarctic 
circle  haye  the  day  longer  than  the  night 

On  the  20th  of  March,  and  the  23rd  of  September,  the  earth's  axis 
inclines  ndther  to  nor  from  the  sun,  which  bemg  yertical  to  the  equator 
makes  equal  day  and  night  at  all  places  on  the  earth's  sur&ce. 

In  the  description  of  the  seasons,  no  notice  has  been  taken  of  any 
inequalities  in  the  annual  motion  of  the  earth  round  the  sun,  or  which  is 
the  same  thing,  in  the  apparent  motion  of  the  sun  round  the  earth.  If 
howeyer,  we  carefully  note  the  time  at  which  the  sun  is  in  the  equi- 
noxes, we  shall  find  that  he  is  about  eight  days  longer  on  the  north 
side  of  the  equinoctial,  than  on  the  soflth  side  of  it ;  or,  that  the  days 
of  the  equinoxes  diyide  the  year  into  two  unequal  parts ;  in  other  words, 
that  the  sun  appears  to  take  about  eight  days  more  to  moye  from  the 
yemal  to  the  autumnal  equinox,  than  he  does  to  pass  from  the  autum- 
nal to  the  yemaL 

This  difference  (the  spaces  passed  through  by  the  sun  being  in  both 
cases  alike,)  arises  from  the  real  motion  of  the  earth,  or  which  is  the 
aaine.  thing,  the  apparent  motion  of  the  sun  being  greatest  about  the 
beginning  of  January,  and  slowest  about  the  beginoing  of  July,  and 
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his  apparent  magmtude  inereaeang  and  decreasing  wiih  the  velocity  of 
his  motion,*  proves  that  the  earUi  revolves  in  an  elliptic  orbit  about 
the  snn  placed  in  one  of  the  foci  of  the  ellipse,  and  also  that  the  earth  is 
in  perihelion,  about  the  beginning  of  January,  and  in  apheUon,  aboat  the 
beginning  of  July,  or  as  it  is  more  commonly  expressed,  that  the  son  is 
in  perigee,  at  the  former,  and  in  apogee,  at  the  mter  time. 

To  explain  the  nature  of  Refractum,  the  Jbttawing  accovnt  of  the 
Atmosphere^  will  be  necessary  as  well  cu  interesting. 

The  earth  is  surrounded  on  all  sides  by  a  body  of  air,  extending  to 
a  very  considerable  height  above  its  surmoe,  and  supporting  a  hetero- 
geneous collection  of  aqueous  and  other  vapours  and  exhalations,  from 
which  circumstance,  combined  with  its  spnerical  shape,  it  is  denomi* 
nated  the  atmosphere. 

Now  the  atmosphere,  in  common  with  all  other  material  substances, 
is  endued  with  weight  and  pressure,  though  in  an  inferior  degree  to 
most  other  bodies  with  which  we  are  acquainted;  by  repeated  experi- 
ments, it  is  found  that  the  pressure  of  the  atmosphere  sustains  a  body 
of  quicksilver  in  the  tube  of  the  barometer,  of  about  29^  inches  in 
height,  and  of  an  equal  base,  and  because  29^  cubic  inches  of  quick- 
silver are  found  to  weigh  about  fifteen  pounds,  therefore  the  weight  of 
the  atmosphere  on  every  square  inch  of  the  earth's  surface  is  equal  to 
about  that  weight 

The  atmosphere  is  of  an  elastic  or  springy  nature,  and  when  com- 
pressed by  different  weights,  is  *found,  by  repeated  experiments,  to 
occupy  spaces  reciprocally  proportional  to  those  weights,  or  that  the 
more  the  air  is  pressed,  uxe  less  space  it  occupies. 

It  follows,  therefore,  that  the  lowest  parts  of  the  atmosphere  must 
be  the  heaviest,  as  well  as  the  most  dense,  being  pressed  upon  by  the 
weight  of  all  the  atmosphere  above  them,  and  consequently,  that  the 
air  m  the  upper  regions  of  the  atmosphere,  must  become  continually 
more  and  more  rare,  as  it  ascends  higher  above  the  earth's  surface, 
and  this  is  the  reason  why  clouds  and  vapours  can  only  rise  to  a  certain 
height,  for  where  the  air,  in  the  higher  regions  of  the  atmosphere,  be- 
comes specifically  lighter  than  the  clouds  themselves,  it  will  of  course 
be  unable  to  sustain  them :  the  greatest  height  at  which  visible  clouds 
ever  exist,  does  not  probably  exceed  ten  mues,  and  even  at  two  miles 
above  the  earth's  surface,  the  atmosphere  is  seldom  dense  enough  to 
support  them. 

The  barometer  affords  a  direct  measure  of  the  rate  of  diminution  of 
the  quantity  of  air  which  a  given  space  includes,  as  we  recede  in  a  per- 


*  The  sun'i  lenii-dianeter  for  everj  day  in  each  month,  is  let  down  in  'page  11  of 
the  month  in  the  Nantkal  Almanao,  when  however,  great  aecortcy  is  not  reqoirid,  the 
mean  itmi-diaflitter  If  It  iommonhr  uMd,  aa  H  nefer  derietaa  SO^  frvm  that  quantity. 
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peadkular  direction  from  the  earih's  surface ;  from  the  indicatioiis  of 
this  useful  instrument  we  leam,  that  when  we  have  attained  the  elefa- 
tion  of  1000  feet,  we  have  left  below  us  about  one-thirtieth  of  the  whole 
mass  of  the  atmosphere ;  that  at  10,600  feet  of  perpendicular  h^ht  we 
have  ascended  through  one-third,  and  at  18,000  feet,  through  one-half 
of  tlie  ponderable  h^j  of  air,  incumbent  on  the  earth's  surmce. 

From  the  progresdon  of  these  numbers  we  may  readily  infer,  that 
although  by  rising  stiU  higher,  we  should  continually  surmount  more 
and  more  of  the  air,  yet  the  ponderable  quantity  of  aur  passed  through, 
would  not  be  in  proportion  to  the  additional  height  ascended,  but  in  a 
constantiy  decreasing  ratio. 

From  what  has  now  been  said,  the  atmosphere  may  not  be  inaptiy 
considered  as  an  aerial  ocean  spread  over  the  surfru^  of  our  earth,  and 
which,  from  its  extreme  subtilty  and  elasticity,  is  peculiarly  susceptible 
of  the  smallest  motion  any  disturbing  force  may  be  supposed  capable  of 
exciting,  hence  tides  ?nU  be  generated  in  the  atmospnere,  amilar  to 
those  in  the  ocean,  the  same  causes  operating  to  produce  corresponding 
effects  in  both. 

The  air  also,  like  the  sea,  is  preseryed  in  a  healthful  state  by  its 
continual  motion,  which  however  is  productive  of  similar  terrific  conse- 
quences in  both,  when  too  suddenly  or  too  powerfully  excited. 

The  atmosphere  is  also  the  vast  theatre  in  which  all  those  surprising 

Ehenomena,  Known  by  the  general  name  of  meteors,  is  exhibited ;  it  is 
owever  the  power  which  it  possesses,  in  common  with  all  transparent 
media,  of  refracting  the  rays  of  light,  or  bending  them  out  of  their 
rectilinear  course,  uiat  rencfers  a  knowledge  of  the  constitution  of  the 
atmosphere  peculiarly  essential  to  the  astronomer. 

This  property  causes  all  objects,  seen  obliquely  through  it,  to  appear 
otherwise  situated  than  they  would  be  as  viewed  from  tne  same  point, 
had  the  atmosphere  either  no  existence,  or  not  possessed  this  property. 
In  order,  therefore,  to  obtain  by  observation  the  true  place  of  any 
heavenly  body,  it  is  necessary  to  ascertain,  what  change  the  light 
emitted  by  that  body  undergoes,  in  passing  through  this  immense  re- 
fracting medium,  and  to  determine  in  ^hat  direction,  and  to  what 
extent,  our  observations  are  affected  by  this  change. 

Now  it  is  an  established  and  well  known  law  of  optics,  that  a  ray  of 
light,  in  passing  obliquely  from  a  more  dense  to  a  rarer  medium,  is 
refracted  or  bent  downwards,  or  towards  a  perpendicular,  since,  there* 
fore,  the  atmosphere  consists,  as  shown  in  the  figure  on  the  next  pace, 
(m  which  abb  represents  a  portion  of  the  earth's  surface  covered  by  uie 
atmosphere,)  of  a  medium  whose  density  continually  decreases,  as  we 
recede  from  the  earth's  surface,  a  ray  of  light  se,  proceeding  from  a 
star  or  other  luminous  body  at  s,  upon  entering  the  atmosphere  at  e, 
instead  uf  pursuing  its  rectilinear  course  ec,  and  striking  the  earth  at  c 
will  be  deflected  into  a  curve,  continually  more  and  more  concave,  to- 
wards the  earth's  surface,  and  will  actually  reach  the  earth  at  b,  the 
place  o(  the  spectator. 
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Xow  it  is  a  well-known  law  in  optics,  that  any  object  is  seen  in  ihe 
direction  in  which  the  ray  emitted  by  it,  enters  the  eye  of  the  spectator, 
the  star  s  therefore  will  not  be  seen  at  s,  its  true  place,  tut  will  appear 
at  a,  in  the  direcdon  of  tho  tangent  to  the  cnrre  «b,  at  the  point  b, 
with  which  the  last  elementary  portion  of  the  cuTTe  will  of  course  coin- 
<nde.  Hence  it  is  obvious  the  effect  of  refracdon  is  to  increaae  the 
apparent  altitude  of  any  celestial  body. 

Now  the  more  obliquelr  a  ray  of  light  enters  a  refracting  medium, 
the  greater  will  be  the  re&action  ;  and  as  a  ray  of  light  from  an  object 
in  tbe  horizon  enters  the  atmosphere  more  obliqu^y  than  when  the 
object  has  any  altitude  above  it,  it  follows  that  the  oonzootal  refraction 
must  be  the  greatest.  This  at  a  mean  state  of  the  atmosphere,  amounts 
to  no  less  than  33'  which  being  rather  more  than  the  greatest  apparent 
diameter  of  either  the  sun  or  moon,  canscs  those  bodies  to  appear  just 
above  the  horizon,  when  they  are  really  below  it. 

As  the  altitude  of  the  object  increases,  the  refraction  rapidly 
diminishes ;  thus,  the  average  amount  of  refraction  for  an  object  at  an 
apparent  altitude  of  45°  or  naUway  between  tho  horizon  and  the  zenith 
is  but  about  57",  and  when  the  object  is  in  the  zenith  or  point  immedi- 
ately over-head,  tho  rays  of  light  entering  the  atmosphere  in  a  perpen- 
dicular direction,  there  is  no  refraction. 

From  the  same  cause  it  is,  that  tho  sun  or  moon  when  near  the 
horizon  assumes  an  oval  figure,  its  horizontal  diameter  being  visibly 
greater  than  the  vertical,  and  when  in  immediate  proximity  to  the 
horizon,  the  lower  limb  being  more  elevated  than  the  upper,  while  the 
two  extremities  of  the  horizontal  di^uueter  are  •quallv  raised,  its  appa- 
rent form  becomes  completely  distorted,  being  neither  circular  nor 
elliptical,  but  a  kind  of  irregular  oval,  which  deviates  more  from  a>cir- 
cle  about  the  lower  than  the  upper  part. 

Another  obvious  effect  of  refraction,  is  to  diminish  the  duration  of 
darkness,  by  actually  protracting  the  apparent  continuance  of  the  sun 
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and  moon  aboYO  the  horizon.  For  this  reason  ako,  the  vertical  dis- 
tance between  an^  two  stars  near  the  horizon,  accurately  measured  by 
any  instrnment,  is  found  to  be  materially  less  than  when  they  are  at 
any  considerable  elevation,  the  lowest  star  being  most  affected  by 
re&action. 

If  the  circle  in  which  the  two  stars  are  placed  be  parallel  to  the  hori- 
zon, their  apparent  distance  is  also  less  than  the  true,  for  as  the  effect 
of  refraction  is  to  make  them  appear  in  a  more  elevated  parallel  than 
that  which  they  really  occupy,  and  as  these  parallels  become  less  and 
less  in  proportion  to  ^heir  elevation  above  the  norizon,  it  is  obvious  that 
the  apparent  distance  between  the  two  stars  diminishes  in  the  same 
proportion. 

To  correct  the  error  arising  from  this  cause.  Tables  of  Refraction, 
(Table  7>)  have  been  constructed,  which  are  among  the  most  important 
of  all  astronomical  tables,  since  we  are  thereby  enabled  to  make  proper 
allowance  for  the  deceptive  positions,  which  under  the  influence  of  re- 
fraction, the  celestial  bodies  assume. 

Notwithstanding  the  great  care  with  which  these  Tables  have  been 
constructed,  yet  owing  to  the  almost  insuperable  difficulties  connected 
with  this  investigation,  it  may  be  reasonably  doubted  whether  the 
amount  of  apparent  displacement,  or  the  angle  by  which  a  celestial 
body  at  any  assigned  altitude,  is  raised  above  its  true  place,  as  stated 
in  them,  can  in  all  cases  be  relied  on. 

When  the  sur  near  the  surface  of  the  earth  or  sea  becomes  mote  con- 
densed than  usual,  the  rays  proceeding  from  terrestrial  objects  really 
out  of  sight,  reach  the  eye  in  curve  lines,  producing  those  very  curious 
pWmena  commonly  described  as  the  effects  of  what  is  termed  terres- 
trial refracjtion,  whereby  the  image  of  an  object  entirely  hidden  from 
view  appears  in  the  air,  above  the  place  where  the  invisible  object  is 
ntuated.  The  images  of  objects  thus  presented  to  the  observer  are 
sometimes  in'  erect,  and  sometimes  in  an  inverted  position,  the  latter 
effect  being  caused  by  the  rays  proceeding  from  the  upper  and  lower 
parts  of  the  real  object  crossing  each  other,  before  they  reach  the  eye 
of  the  observer. 

Besides  the  refractive  power  of  the  atmosphere,  it  is  endued  with  a 
reflective  power,  by  which  the  sun's  light  is  thrown  back  to  the  earth, 
while  his  direct  rays  are  intercepted  by  the  horizon,  producing  the 
phenomenon  called  twilight  or  crepuscuXar  light. 


PARALLAX. 

The  diurnal  parallax  or  parallax  in  altitude  is  a  subject  which  re- 
quires particular  explanation. 

The  diurnal  parallax  of  a  lieavenly  body,  is  the  difference  in  its 
apparent  place,  as  viewed  from  'the  centre,  and  from  a  point  on  the 
Qurface  of^he  earth,  and  since  the  parallax  diminishes  as  the  distioce 
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of  the  object  increafles,  it  follows  that  ihe  parallax  of  flie  moon,  on  ae* 
count  of  her  proximity  to  the  earth,  is  very  considerable ;  that  of  the 
sun  by  reason  of  his  great  distance  is  but  trifling ;  the  parallax  of  a 
planet  is  greater  or  less  according  to  its  distance ;  and  the  fixed  stars, 
as  we  have  before  explained,  are  so  far  from  haying  a  diurnal,  that  they 
have  not  even  an  annual  parallax,  that  can  be  detected  by  the  most 
delicate  observations. 

To  illustrate  this  by  a  diagram,  let  sc  represent  a  portion  of  the 
earth's  surface,  c  its  cen- 
tre, 8  the  station  of  an 
observer,  z  his  zenith,  abo; 
three  different  positions 
of  the  moon,  and  nsy 
three  places  of  a  planet ; 
also  let  zm  represent  an 
arc  of  the  starry  heavens 
comprehended  between 
the  horizon  and  the  ze* 
nith. 

Now  to  an  observer  on 
the  surface  of  the  earth 
at  s,  when  the  moon  is  in 
the  horizon  at  a,  and  the 
planet  at  d,  the  latter  will 
be  occulted  or  hidden  by 
the  interposition  of  the 
former,  which  will  be  re- 
ferred  to  the  point  h,  but 
if  these  objects  be  viewed 
by  a  spectator  at  the 
centre  c  of  the  earth,  the 

moon  will  by  him  be  referred  to  a,  and  the  planet  to  d,  both  objects 
being  visible  to  the  spectator  so  placed,  the  points  a  and  d  are  there- 
fore considered  as  the  true  places,  and  h,  the  visible  or  apparent  place 
of  these  bodies,  the  parallax  of  the  planet  will  be  measured  by  the  arc 
ud  of  the  heavens,  or  by  the  angle  hd(2,  which  is  equal  to  the  angle 
SDO,  subtended  by  the  semi-diameter  cs  of  the  earth  at  the  planet  d  ; 
in  like  manner  the  arc  ua  or  angle  HAa=8AC,  is  the  moon's  parallax,  and 
as  both  objects  are  in  the  horizon  of  the  observer  at  s,  these  are  called 
their  horizontal  par^ll&xes, 

When  the  moon  and  planet  are  above  the  horizon,  as  at  b  and  £, 
their  true  places  as  visible  at  the  earth's  centre,  are  at  6  and  e  respec- 
tively ;  but  as  seen  by  the  observer  at  s,  the  plauet  will  be  again  occul- 
ted by  the  moon,  apparently  at  c,  and  the  parallax  of  the  latter  will  be 
the  arc  cb  or  angle  cb6=sbc. 

Each  of  these  parallaxcHS  is  called  the  parallax  in  altitude  of  its 
respective  body,  and  is  obviously  less  than  the  horizontal  parallax,  the 
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parallaz  gradually  diroiiiMhing  with  the  increafflng  altitude  of  the  body 
aad  altogether  ▼anifthing  in  the  zenith  as  at  a?  and  y,  being  referred  to 
the  same  pcnnt  z  of  the  heavens,  as  viewed  from  either  the  centre  or  the 
sor&oe  of  the  earth.  The  planet  will  in  this  position  obvioualy  be  hid- 
den from  both  observers,  by  the  interpoation  of  the  moon. 


INTRODUCTORY  PROBLEMS. 


1.    To  convert  longitude  or  degrees^  minutes  0(t  seconds,  of  the  equator 

into  time 

'RxjiM, — ^Multiply  the  arc  by  4,  observing  that  seconds  multiplied  by 
4  give  thirds^  minutes  multiplied  by  4  produce  seconds,  and  degrees 
mmtiplied  by  4  produce  minutes,  when,  therefore,  these  last  exceed  60, 
they  are  to  be  divided  by  that  number,  to  reduce  them  to  hours  and 
minutes. 


Exan^les, 


to 


Required  the  time  corresponding 


10*  27'  lA" 

4 
cor.  time    41id48i   56th 


to 


Required  the  time  corresponding 


6IO  10*     12" 

4 

3h  24m  40f  48th 


2.   To  convert  time  into  longitude,  or  parts  of  the  equator. 

Rule. — ^Reduce  the  hours,  if  any,  to  minutes,  to  which  bring  down 
the  minutes,  frc.  and  divide  the  whole  by  4,  observing  that  the  miuutes 
divided  by  4  give  degrees,  the  seconds  di\'ided  by  4  give  minutes,  and 
the  thirds  divided  by  4  give  seconds. 


Examples. 

Required  the  degrees,  &c.  cor- 
responding to  Oh,  42m.  12s. 

4  )  42m  12i 
,  &c.  lOO   33' 


Required  the  arc  of  the  equator 
corresponding  to  llh.  15m.  21s. 


Hh  15m  2U 
60 


4  )  675  21 


corref«aro  •  168^  50'  15" 


The  above  Problems  may  be  solved  by  inspection,  by  Table  15|  see  the 
Eiphmation  to  that  Table 


IGO  ASt&ONOttt. 

tBE   GREENWICH  DATS, 

tt  has  been  obsenred  in  page  152,  that  the  civil  date  begins  at  midnigbt, 
and  the  astronomical  date  b%ins  at  noon  ;  thus  the  civil  date  Hay  5th, 
6h  P.M.  is  likewise  May  5,  6h.  astronomical  time;  but  6h.  a.m.  on  this 
day  civil  date,  is  18h.  May  4th,  astronomical  date;  it  is  necessary  this 
should  be  well  understood,  because  it  is  to  the  astronomical  time  at 
Greenwich^  the  calculations  are  given  in  the  Nautical  Almanac. 

.3 — The  time  under  any  known  meridian  given  to  find  the  eorreepon£»g 

time  at  Greenwich, 

In  Weet  longitude.  Rule, — Reduce  the  given  longitude  into  time  by 
Problem  1,  and  add  it  to  the  astronomical  date  at  the  given  place.  If 
the  sum  amounts  to  or  exceeds  24  hours,  24  hours  must  be  taken  firom 
it,  and  the  remainder  will  be  the  time  past  noon  of  the  following  dag. 

Example. — 1.  Required  the  Greenwich  date  when  it  is  4h.  46m:  10s. 
in  longitude  27*  56'W. 

Astronomical  date,  or  time  mt  ship,  P.M.     4h  46m  lOf 
Longitude  2V  56'W.       -     •  -     1    51    44 

Graenwididata   •..•-•         •6    37    54 


Example    2. — Required    the    Greenwich    date     corresponding     to 
lOh.   Ilm.  12s.  June  24,  a.m.  (civil  time)  in  long.  136*  18'W. 

Afltronomical  time  under  the  given  mer   Jnne  23 . . .     22h  11m  12s 
Longitude  IdS""  18' W -*  10    25     12 

32    36    24 

Astronomical  time  at  Greenwich  since  noon  June  23.     24 

Astronomical  time  at  Greenwich.  June  24 8    36    24 


In  East  longitude.  Rule, — Reduce  the  given  longitude  into  time^  as 
before^  and  if  it  exceed  the  time  under  the  given  meridian,  add  24  hours 
to  the  latter^  the  subtraction  being  made  as  before,  the  remainder  will 
be  the  time  past  noon  of  the  preceding  day. 

m 

Example  1. — The  time  at  ship  in  longitude  122®  12'E.  was  4h.  I5m 
May  lOtb ;  required  the  corresponding  Greenwich  date. 

Astronomical  date,  May  10 4h  15m  Os 

24 

Astronomical  date.  May  9 28     15    0 

Longitude  in  time 8      8  48  B. 

date.  May  9 20      6     12 
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ExatnpU    2.— What  will    be   the    Greenwich    date,  when    it    is 
22h.    30m.  2l8.  in  longitude  75o  5'£. 

Afltronomlcal  time  under  the  given  meridian  . .     22h  30m  2  It 
Longitude  in  time 5      o    SO  £. 


Greenwich  date , 17    30 


^' — Gw«i  f/te  Oreenwieh  date,  to  find  the  correepanding  time  undet* 

any  other  given  meridian. 

Rule. — ^In  west  longitude,  reduce  the  longitude  into  time  as  before, 
and  subtract  it  from  the  givai  time,  the  difference  will  be  the  correal 
ponding  time  under  the  given  meridian,  observing  that  when  the 
lonritudein  time  exceeds  the  time  at  Greenwich  or  the  Cfreentvich  date, 
24  hours  must  be  added  to  the  latter,  then  subtracting  it  as  before,  the 
remainder  will  be  the  time  past  noon  of  the  preceding  day. 

Example. — Required  the  time  at  ship  in  longitude  76®  lO'W. 
corresponding  to  the  Greenwich  date,  July  8,  3h.  12m.  27s. 

Greenwich  date,  July  8    -     -    -    3h  12m  27i 

24 


Greenwich  date,  July  7     •     -    27     12    27 
Long    76°  lO'W.        ...      5      4    40 


Time  at  ship,  July  7  -     •    -     22      7    47 


When  it  is  noon  in  76**  10' W.  it  will  be  5h,  4m.  408.  past  noon  at 
Greenwich,  consequently  the  longitude  in  time  will  be  tho  Greenwich 
date  in  all  places  m  west  longitude. 

Rule. — In  ecut  longitude ; — ^reduce  the  longitude  into  time  as  before, 
and  add  it  to  the  given  tune,  the  sum  will  be  the  corresponding  time 
under  the  given  meridian,  observing  that  when  the  sum  exceeds  24h, 
24  hours  must  be  taken  from  it,  and  the  remainder  will  be  the  time  past 
noon  oiih»  following  day. 

Example^ — The  Greenwich  date  April  10th.  was  20h.  11m.  41s. 
what  was  the  time  in  longitude  81*  22'E* 


Greenwich  date,  April  10 
Long,  in  time  -     •     -    •     . 

-  -     20h  11m  41s 

-  -      5    25    28  E. 

Time  at  ihip,  April  10     -    ; 

-     -    25    37      9 
24 

Time  at  ihip,  April  11     •    - 

-    *      1     37      9 

THE    REDUCTION    OP    THE     ELEMENTS    OF    THE  NAUTICAL 
ALMANAC  TO  THE  GREENWICH  DATE. 

When  the  Greenwich  date  is  given  in  apparent  time,  tho  declination, 
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right  asoeBsion  &€.  most  be  taken  from  page  I^  but  i&  othw  Fopectfr 
the  calculations  are  the  same. 

5. — To  reduce  the  Sun's  deelination. 

Rule. — ^Fmd  the  Greenwich  date ;  then  from  the  N. A.  page  II,  take 
the  declination  to  the  nearest  noon,  and  the  hourly  difference  firom 
paae  I.  Reduce  the  time  to  hours  aiid  decimals  of  an  hour,  aad 
mmtiplj  the  hourly  difference  by  it,  then  pointing  off  the  proper 
number  of  decimals  to  the  rights  divide  the  product  by  60  for  the 
minutes ,  which  either  add  to  or  subtract  from  the  declination  at  noon, 
according  as  the  declination  is  increasing  or  decreasing. 

Or  from  Table  31,  take  the  correction  answering  to  the  p^QB  tsM, 
and  declination,  and  apply  it  as  direeted  at  the  head  ol  the  TaUk 

Example, — July  22nd.  1852,  required  the  9un's  declination  at  8h, 
36m.  Greenwich  date, 

©'■  dec  . . .   20*  13'  WIJ.  hourly  diff  . . .     SO^'SS.            6,0  )  36m. 
—      4    23  x8-6  


•6 


(pdaeed  dec.  20      8    51      '  18348 

tm    1  -    1=  24464  Table  31, 


Under  dec.  &  opposite  8^36" 
6,0)26,2-988  20o        "I      4'    34*    Idiff. 

20**  30'/     4      16      J    18 

4*23  the  p.p.  for  13m.  taVtracted 

I  frumthe  4'34', 

leaves  4'2&''iie«rl7,  is  before. 

Required  the  sun's  reduced  dedinatioDt  October  13th,   1852,    at 
15h.  18m.  Greenwich  date.  Answer^— 8"  10^  41''S. 


In  reducing  the  sun's  declination  at  noon  to  a  given  meridian^  if  the 
longitude  (in  time)  is  westj,  it  will  express  the  apparent  time  at  Oreen- 
wich,  past  noon  of  the  given  day ;  but  if  east,  its  difference  to  24h* 
will  be  tlie  Greenwich  time  past  noon  of  the  preceding  day. 

6. — To  reduce  the  sun's  right  ctscension. 

Find  the  Greenwich  date  as  before,  then  from  page  II,  N.A.  take  out 
the  right  ascension  for  noon,  and  the  houriy  difference;  reduce  the  time 
as  in  Sie  example  for  declination,  and  multiply  the  hourly  difference  by 
it,  reduce  the  product  to  m  and  s,  and  add  it  to  the  right  ascension  at 
noon ;  if  the  sum  exceed  24h.  reject  24h.  from  it. 

Or,  in  Table  25,  find  at  the  top  the  sun's  right  ascensiaD;  and  st  the 
left  or  right  sid^  column,  the  longitude  or  girea  time,  at  the  angle  of 
meeting  will  stand  the  correctioni  to  be  applied  as  directed  at  the  head 
of  the  Table. 
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Required  the  bud'b  right  Acension,  February  10th  1852,  at  9h.  40m 
Qreenwich  date. 

Csr.  a....     211i35m26t        h.  diff. 9*882  6,0)40iii. 

-h     1     35  9 '6  


6 


vednoedr.  ft.     21    35      1  59292 

==a=s=  88938  From  Table  25 . 

Under,  and  opposite  9h  36m. 

6,0  )  9,4.8672  21h  \   1  38*^  1     ,,„  . 

22     /   1-33     I  ^^'^ 

1*35^  3'  deducted  for  the  33m. 

from  the  first,  leaves  1'  35'' 
aa  before. 

What  will  be  itie  sun's  reduced  right  ascension,  May  13,   1852,  at 
4h.  13m.  Greenwich  date. 

Answer- — ^3h.  22m.  2 Is. 


7. — To  reduce  the  equation  of  time 

From  the  N.A.  The  numbers  in  the  column  marked  equation,  are 
the  ralues  of  the  equation  at  the  instant  of  mean  noon,  and  therefore 
nerre  more  parttcularl j  to  convert  mean  into  apparent  time,  for  which 
porpoee  apply  the  equation  according  to  the  precept  at  the  head  of  the 
column ;  for  example,  if  from  mean  noon,  April  1st  or  12h.  be  subtrac- 
ted the  equation  3m.  51*1  Is.  the  difference  llh.  56m.  8'89s.  a.h,  is  the 
corresponding  apparent  ciyil  time«  or  March  31st,  23Il  56m.  8'89s. 
astronomical  time. 

To  find  the  equation  of  time  at  8h.  a.m.  mean  time^  April  15,  1852,  in 
longitude  30"*  or  2h.  W.  of  Greenwich,  add  the  difference  of  longitude 
to  the  giren  time,  because  it  is  west,  and  the  corresponding  astronomical 
time  at  Gmnwich  is  April  14th.  22h.  'Om. 


The  yariation  in  24h.  (ot  daily  variation,)  is  14*90s.  that  is,  the  sum  of 
the  equations  belonging  to  the  noons  of  the  14th  and  15th,  because  the 
equation  has  decreased  to  0  and  then  increased  in  the  interval,  therefore, 
24b.  :  14*90s.  : :  22h  :  13-66s.  the  change  in  the  22h.  which  being 
greater  than  Om.  10*83s.,  the  equation  on  the  14th,  which  was 
decreasing,  shows  that  in  the  22h.  the  equation  has  passed  through  its 
state  of  decrease  to  0,  and  is  now  increasing ;  the  difference  2'S3s.  is 
the  equation  of  time  at  the  time  proposed,  and  is  to  be  added  to  mean 
time,  because  it  has  passed  the  zero. 

To  find  the  equation  of  time  in  the  same  manner  as  the  declination. 

Find  the  Greenwich  date  as  before,  then  take  out  from  the  N.A.  the 
equation  of  time  and  hourly  difference,  reduce  the  time  and  multiply  this 
difference  by  it;  if  the  equation  is  increasing  add  the  product,  but  if  it  is 
deereamg  subtract  it. 
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Exm^  l.-^uly  6,  1852,  longitude  7^^-  &t  3h.  34m.  p.m.  apparent 
time,  find  the  equation  of  time. 


Time  at  iliip,  July  6 . . . . 

..     3h34m 
24 

m        ■ 
Equa.  6th. . .      4     24  -53 

_49 

diff.  •40S 
1-2 

.     27    34 

—  4     48 

July  S . . . . 
Longitade  in  time. 

red,  eq.  time  1    ^     o^      a 
Julys...  /   *     »*      * 
at  22h  46m. 

•4860 

Greenwich  date,  July  5  . 

.      22     46 

24 

Before  nooD,  fitli 

1     14 

Example  2.— August  19, 1852,  longitude  56**  14'W.  at  4h.  16m,  p.m. 
apparent  time,  find  the  equation  of  time. 

Apparent  time  at  ship,  19th  .     4h  16m  Bq.N.A.    3'  19*65''        h.  diff.   *582 

Longitude  in  time . '. 3    44-56        dxff.in  8h     —    4  -65  8 

App.  time,  Greenwich,  19th.  .8      0  -56        red.  eq.  . .   3     15  4  -656 


8. — To  reduce  the  moon's  horizontal  parcMax. 

The  moon's  horizontal  parallax  may  generally  be  taken  out  of  the  N.A. 
at  sight,  as  the  change  in  twelve  hours  is  not  more  than  2*]"^  but  where 
great  accuracy  is  required,  apply  the  following  rule. 

Find  the  Ghreenwich  date,  then  if  the  Greenwich  time  is  less  than  12h. 
take  out  the  horizontal  parallax,  for  the  noon  and  midnight  of  the  given 
day ;  but  if  it  exceeds  12h.  take  it  out  for  the  midnight  of  the  same 
day,  and  the  noon  of  the  next,  the  difference  between  them  ¥all  be  the 
variation  in  12h. 

A  final  correction  for  the  spheroidal  figure  of  the  earth  is  necessary, 
and  is  to  be  subtracted  firom  the  equatorial  horizontal  parallax,  according 
to  the  latitude  of  the  place  of  observation. 

The  Mean  Reduction  of  the  Moon's  Horizontal  Parallax,  for  the  spheroidal  figure 

of  the  Karth. 

Utitude     \V  19  25**  30*  34"  39°  43<>  47**  51«  56°  60*  65°  71°  79°  90° 
Reduction       1"     2"    24''    3"     4"  44''     5"  6"     1"    8*    9"     10"  IO4*'  11" 

Examplel. — March  29th,  1852,  at  2h.  21m.  IQs.  Greenwich  date, 
required  the  moon's  horizontal  parallax  ? 


tt 


hor..  par.  at  noon,  29th    57'   19-3"!    diff.  in  12h. 

I  27 -8" 

midnight...     57     47  *1   J  2-3  hour  and  decimal  of  an  hour 


12)63-94 


5-33 
a  'i  hor.  par-  at  noon » 57'  19  '3"  -f-  5  '3" -57'  24  -6"  the  hor.  par.  at  the  time  requijied. 
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Bwample  2. — ^March  2iid.  1852,  at  7h.  30m.  p.m.  Greenwich  date, 
required  the  moon's  horixontal  parallax. 


bor.  par.  2iid,  at  noon     58'  31  '^"^    diff.  in  12  h. 

12;28-3 
,f  midnight    58    59 


•6  J 


2-358 


7^  houn 


16506 

1179 

^  'a  hor.  par.  at  the  required  time^ 


is  therefore  58'  49^^  17  -685     17  '7"  additional 


Table  23  gives  a  correction  for  the  horizontal  parallax  and  semidia* 
meter  at  the  same  time^  and  as  thej  are  usually  required  together,  the 
corrections  can  be  taken  out  at  once  as  directed  in  the  Use  of  the  Tables. 

9. — To  find  the  moon's  right  aacention  and  dechnaiion. 

For  the  right  ascension.  Find  the  Greenwich  date,  find  the  difference 
between  the  right  ascenaipn  for  the  given  hour  and  the  next ;  reduce  the 
minutes  and  tenths  of  the  Qreenwich  date  to  the  decimal  of  an  hour  and 
multiply  the  difference  by  it,  and  add  the  sum  to  the  right  ascension  for 
the  given  hour ;  if  it  exceed  24h.  reject  24h. 

Required  the  moon's  right  ascension  at  8h.  45m.  in  longitude  45<'E. 
April  26,  1852. 

Time  al  ship  8h  45m    The  r.  a*  at  5h,     8b  5m  19  '63a  1    m    i 
long,  in  time  3  V  2    22  -82 
do.    at  6h,      8    7    41  '45    I    60 


Greenw.date  6    45 


143 
75  rednoed  time. 


715 
1001 


6,0)10,7-25 


1  47*25  to  be  added  to  r.a.  at  5h. 


Required  the  moon's  right  ascension,  July  31st  12h.  25m.  Greenwich 
date. 

R.A.  of  the  ((  at  12h.    21h  33m6'12 
do.        ..  13h.    21    36  16*52 


2  10*40 
60 


130*40 

416       reduced  time 


78240 
13040 
52160 


54  * 24640       54  '258.  to  be  added  to  the  r.a.  at  12b. 
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For  the  Declinatioii.  Find  the  dedinatioii  •niwering  to  the  giTcn  diT 
and  hour  in  the  Nautical  Almanac,  and  take  out  the  diff.  to  lOm.  which 
mnltiply  by  the  minutes  and  tenths  of  the  given  time ;  the  sum^  catting 
off  one  more  decimal  than  the  required  number,  divided  by  60,  will  give 
the  required  correction. 

Required  the  moon's  declination,  July  3l8t,  at  12h.  25m.  Greenwich 
date. 

Moon't  dM.  a  12h . . .     18<»  13'  19  'I'^S.  diff.  in  lOm. .     82  *W 

—    3    2S'6  xSft 


red.  dec.  of  tbe  moon. .     18      9    53*5 


41125 
16450 


M)20^-«85 


3  25*6  to  be  nibtnetod, 
the  decL  it  doeraaBiif . 


The  preceding  processes  may  seem  tedious  to  the  student  well  acquainted 
with  the  genend  rules  in  arithmetic^  and  he  may  therefore  save  himself 
time,  by  making  use  of  the  following  table,  to  reduce  the  foregoing 
elements  in  the  N.  A. 


3m 

^ 

-^j^  of  an  hour. 

10m 

=E 

i 

of 

an  hour. 

4 

= 

i 
15            « 

12 

= 

i 

M 

5 

= 

1 
T7            w 

15 

= 

i 

» 

6 

sr 

1 

20 

=S 

i 

n 

The  right  ascensions  and  declinations  of  the  Planets  and  principal 
Fixed  Stars,  required  to  find  the  mean  or  apparent  time  under  any  other 
meridian  than  that  of  Greenwich,  are  to  be  found  in  the  usual  way. 

The  Moan' 9  age  at  mean  noon, 

Is  the  mean  time  elapsed  since  the  moon's  ecliptic  conjunction  with 
the  sun,  or  since  the  two  bodies  had  the  same  longitude.  The  numbers 
in  the  Nautical  AlmanaCi  page  lY.  give  her  age  at  Greenwich  in  days 
and  decimal  parts  of  a  day. 

Hie  Moon's  meridian  passage. 

This  column  in  the  Nautical  Almanac,  likewise  page  IV.  contains  the 
Greenwich  mean  time  to  the  nearest  tenth  of  aminute,  at  which  the  moon^s 
centre  is  on  the  upper  meridian  at  Greenwich,  and  is  useful  to  indicate 
when  the  latitude  may  be  obtained  from  an  observed  meridian  altitude  of 
the  moon ;  and  likewise,  with  a  table  of  semidiurnal  arcs,  (Table  19,) 
to  determine  approximately  the  times  of  the  rising  and  setting  of  the 
moon ;  it  is  likewise  used  in  finding  the  time  of  high  water.  Table  21 
gives  a  correction  for  reducing  the  time  of  the  moon's  passage  over  the 
meridian  of  Greenwich,  to  the  time  of  her  passage  over  any  other  meri- 
dian, and  is  to  be  applied  as  directed  in  the  Use  of  the  Tables. 
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10 — To  find  the  meridian  paseage  of  the  planets. 


Proeeed  m  foUows :  take  the  differenoe  of  tke  times  of  two  conse- 
catire  transits,  and  considering  this  difference  as  an  aceeleration  or  re*- 
tardation  of  the  meridian  passage,  while  the  planet  has  passed  over  24h 
of  geographical  longitude,  take  the  proportional  part  of  it  due  to  "the 
difference  of  meridians,  for  a  correction  to  be  applied  to  the  meridian 
passage  at  Greenwich,  bearing  in  mind,  that  in  east  longitude  the  pas- 
sage precedes  that  at  Greenwich,  when  the  times  are  accelerated,  and 
follows  it,  when  they  are  retarded,  and  the  contrary  in  west  longitude. 


ON  TIMB, 

It  has  been  observed  in  the  Definitions,  (page  151)  that  a  day  is  the 
mterval  of  time;  between  the  departure  of  any  meridian  from  a  heavenly 
body  and  its  next  return  to  it,  and  is  named  from  the  body  performing 
that  revolution;  thus  the  departure  and  the  return  of  any  meridian 
to  the  Mu»  ia  called  a  eoktr  day,  to  the  moon  a  Ztmor  day,  and  to  the 
star^  a  sidereal  day. 

The  time  deduced  from  observation  of  the  tme  sun,  is  called  true  or 
i^pporwtf  time;  and  the  time  deduced  from  the  inagina^  sun,  used  by 
aatrononiers  to  rej^^sent  the  true  sun*h  mean  motion,  is  called  mean 
time;  therefore 

11. — To  convert  c^ppareni  into  mean  tims, 

Kid  the  Greenwich  date  m  apparent  time>  and  apply  the  equation  of 
time,  page  I,  N.A.  (reduced  to  tne  Gveenwicfa  date,)  as  directed  at  the 
of  &e  oolumn. 


If  the  equation  of  time  when  subtractive  exceed  the  apparent  time, 
add  24h.  to  the  latter,  and  date  the  time  on  the  day  before. 

12. — To  convert  mean  into  apparent  time, 

Reduce  the  equation  of  time  from  page  II,  to  the  Greenwich  date,  as 
before,  and  apply  it  to  the'm^an  time,  as  there  directed ;  if,  as  before,  the 
equation  of  time,  when  subtractive,  exceed  the  mean  time,  add  24h.  to 
the  latter,  and  date  the  time  on  the  day  before,  see  pp.  150  and  152. 


13. — To  convert  iniervc^  of  mean  solar  time  into  equivalent  intervals 
•  <f  sidereal  time. 

Snter  Table  43  with  the  mean  time,  and  take  out  the  corresponding 
sidereal  time. 
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14. — To  convert  intervoUs  ofsiderecU  time  into  oquivoUmts  of  mean 

solar  time. 

Enter  the  Table  page  594  in  the  N.A.  with  the  sidtreal  time,  and 
take  out  the  corresponding  mean  time. 

A  reference  to  these  Tables  in  the  N.A.  and  the  examples  given  with 
them,  will  further  explain  the  conversion  of  the  times. 

15. — To  correct  the  attitudes. 

CHven  ike  observed  altitude  of  the  upper  or  lower  Umbofthesun,  to 

find  the  true  aJUtwieofhis  centre. 

Bule. — Correct  the  observed  altitude  of  the  sun,  for  index  error,  if 
any.*  *^ 

Subtract  the  dip  answering  to  the  height  of  the  eye  above  the  horison 
by  Table  8,  and  the  remainder  will  be  the  apparent  altitude  of  the 
observed  limb. 

From  the  apparent  altitude  subtract  the  correction  corresponding  to  it 
(Table  13,)  for  refraction  and  parallax,  and  the  remainder  will  be  the 
true  altitude  of  the  observed  limb. 

To  the  last  remainder  add  the  sun's  semidiameter,  taken  from  p.  HI 
of  the  month  in  the  N.  A.,  if  the  lower  limb  be  observed ;  but  suDtract 
it  if  the  upper  limb  be  taken,  and  the  remainder  will  be  the  true  altitude 
of  the  sun's  centre. 


Examples. 


1. — May  17th.  the  meridian  al- 
titude of  the  O  was  observed  to  be 
68**  43'  the  height  of  the  eye  16 
feet ;  required  the  true  altitude  of 
the  sun's  centre,  no  index  error. 


observed  alt.  0't  1.1. .. . 
dip,  T&ble  8 


68<»  43' 
—      A 


app.  alt.  0'i  1 1 68    39 

correction  for  refraction  and     » 

parallax,  Table  13 0 

lun'i  aemidiameter,  N.A +     16 


true  altitude  son'i  centre  .....     68    55 


2. — April  1 6th,  the  observed  alti- 
tude of  the©  was  75*  20'  15%  the 
height  'of  the  eye  24  feet,  index 
error  +1' ;  required  the  sun's  true 
central  altitude. 

obi.  alt.  0's  U.1 75*  20'  lb" 

index  error +       1      0 


dip,  Table  8 


75    21 
—      4 


15 
42 


q>p.  alt  flun'a  npper  limb.     75     16    33 
cor.  Table  13,  for  refrac- 
tion and  parallax ^-  13 


tme  alt.O's  n.l 75     16    20 

inn'i  aemidiameter —    15    57 


tme  alt.  tnn'a  centra. ...     75    00    23 


*  Whenerer  there  is  an  index  error,  the  obierration,  whether  for  altitude  or  diatanoe 
most  always  be  corrected  for  that  error  hffwre  any  other  correction  ia  made. 
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16. — CUven  the  observed  altitude  of  the  upper  or  lower  limb  of  the 

moon,  to  find  her  true  central  altitude. 

Rale. — ^Turn  the  longitude  into  time  and  add  it  to  the  apparent  time 
of  observation  if  west^  but  subtract  it  if  east,  for  the  corresponding  time 
at  Greenwich. 

From  page  III  of  the  month  in  the  N.A.  take  out  the  moon's  semidia* 
meter  and  horizontal  parallax^  which  reduce  (page  1 64)  to  the  mean  time 
at  Green wich,  and  to  the  semi-diameter  add  the  augmentation.  Table 
22. 

From  the  true  observed  altitude  of  the.moon^  subtract  the  dip.  Tabic  8^ 
and  to  the  remainder  add  the  moon^s  augmented  semidiameter,  if  the 
lower  limb  be  observed,  or  subtract  it  from  the  remainder,  if  the  upper 
limb  be  taken,  the  sum  or  difference  will  be  the  apparent  altitude 
of  the  moon's  centi^. 

To  the  moon's  apparent  altitude,  add  the  correction.  Table  24,  the 
sum  will  be  the  true  altitude  of  the  moon's  centre. 

Example, — 1.  March  15,  1852,  at  4h.  22m.  SOs.  by  chronometer, 
which  was  33m.  10s.  slow  for  mean  time  Greenwich,  the  observed  altitude 
of  the  moon's  lower  Umb  was  53  **  SO'  40^,  height  of  the  eye  12  feet; 
required  the  true  altitude  of  the  moon's  centre  ? 


Chronometer,  15th 4h  22in30s         ([ 's  red.  aemd.  15'   8*2''       red.  hor.  par. 

iknr    +33      10         augmentation .    +    12  -6  55 '  33^' 

meui  time  Greenwich 4    55    40         true  semid.. . .    15  20  *8 

obi,  alt  a  '■  M 53<>  30'  40" 

dip,  TiibleS —       3     19 

53     27     21 
([  '%  true  Mmidiameter +     15    21 

app.  alt.  ([  's  centre 53    42     42 

cor.  Table  24 ■¥     32     10 

tme  altitude  ([  's  centre ...     54     14     52 

2.  March  2, 1852,  at  7h.  43m.  46s.  by  chronometer  fast  on  Oreen- 
wich  mean  time  13m.  46s.  the  observed  altitude  of  "^  was  46*  12'  lO", 
height  of  eye  21  feet;  required  the  true  altitude  of  <i  's  centre. 

time  by  chronometer 7h  43m 468  ((  'a  red.  tern.       16'     1  *  6'' 

bit —     13    46  augmentation .      +     11*4 

thne  Greenwich 7    30    00  true  semidiam.  4- 16    13 

red.  hor.  panllaz. .  •      58'  4  9^*" 

22 
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('■obt.alt.mJ. 46"*  12'  KT 

dqi.  Table  8 —      4  23 

46      7  47 

C  '>  tv^ie  iwmidiamrter. ...     —     16  13 

app.  alt.  (['s  centre. 45    51  34 

cor.  Tabfe24 -*-     40^  3' 

true  alt.  ( 'i  centre. 46    31  37 


17- — Given  the  observed  aliUude  of  a  pUaufs  centre^  to  find  Us 

true  altitude. 

From  the  planet's  observed  central  altitnde,  corrected  as  before  for 
index  error,  snbtract  the  dip  of  the  hoiiion,  the  remainder  is  the  apparent 
central  altitude. 

Find  the  difference  between  the  planet's  paraDax  in  altitude.  Table  26^ 
and  its  refraction.  Table  7 ;  add  this  difference  to  the  apparent  central 
altitude,  when  the  parallax  is  greater  than  the  refraction,  but  subtract  it 
when  it  is  less,  the  sum  or  remainder  ¥nU  be  the  true  central  altitude  of 
the  planet. 

Ex.  1— March  2, 1852,  the  observed  altitude  of  Venus  was  Z^  18'  30^ 
height  of  eye  22  feet,  her  horisontal  parallax  7^>  required  the  tme 
central  altitude.? 

obflL  central  altitude 33**  18'  30" 

dip,  Table  8 ~      4    30 

app.  central  altitude 33     14       0 

refr.  T.    7—1'  27"' \  ,     «| 

par.T.26     +       6  /     "     ""      *     ** 

33     12    39    tree  ceotral  altitude  Venns. 


9C 


2 — June  16,  1852,  the  observed  altitude  of  Jupiter  was  27o  50,  height 
of  eye  18  feet,  and  horizontal  parallax  l-Q"",  required  his  true  central 
altitude  ?  index  error  10""  to  subtract. 

Jupiter's  obaerred  altitude     -    -     -    21^  W  Wi" 
index  error  ......---~  lo 

27    49    50 
dip,  Tables —      4      4 

app.  central  alt.      ------    27    45    46 

refr.  Table  7    —    1'  48'' \  ,     .- 

pai .  Table  26  -     —    2   /  ""    *     ^^ 

27    44    00  true  central  alt.  of 
■        Jupiter 

In  taking  the  altitude  of  a  planet,  its  centre  should  be  brought  down 
to  the  horizon.    If  the  parallaxes  of  the  planets  be  determined  by  means 
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of  a  comparison  of  their  respectiye  distances  from  the  earthy  with  the 
earth's  semi-diameter,  they  will  he  fonnd  to  be  nearly  as  follows : 

Yenns's  greatest  horizontal  parallax,  about  32""    least   5'' 

Mars  „  „  19'        „    3" 

Jupiter  mean  horizontal  parallax        ,,        2" 

Saturn  „  „         1" 

The  parallaxes  of  the  two  last  are  anbject  to  very  trifling  variation, 
their  distances  from  the  earth,  rendering  any  alteration  in  their  paral- 
laxes, nearly  imperceptible. 

18. — Crioen  the  observed  altitude  of  a  fixed  star,  to  find  its  true  altitude. 

» 

Bule. — ^From  the  observed  altitude  of  the  star  subtract  the  dip  of  the 
horizon,  the  remainder  will  be  the  apparent  altitude.  From  this  sub- 
tract the  refraction,  and  the  remainder  will  be  its  true  altitude. 

Example  1. — May  3,  1852,  the  observed  altitude  of  Arcturus  wsg 
found  to  be  44**  36',  height  of  eye  10  feet,  index  error  3'  20* 
subtractive;  required  the  true  altitude.? 

obi  alt.  of  star 44''  36      0'' 

index  error       - —    3    20 

44     32     40 
dip,  Tables —     3      2 

apparent  altitude        -     -     -     -     44     29    38 
refraction,  Table  7     -    •     -    -    —  58 

true  altitade  tff  Arcturus       -         44     28     40 


2. — February  19th,  1852,  the  observed  altitude  of  Sinus  was  found 
to  be  SG""  20',  height  of  eye  18  feet,  required  the  true  altitude.  T 

obserred  altitude  of  star     ....    56*  20'     0'' 
dip,  Table  8        -.4      4 

apparent  altitude     --••-,     56     15     56 
refraction,  Table  7 —  38 


true  alt.  of  Sinus   - 56     15     18 


A  reference  to  the  Fixed  Stars,  page  142,  wiU  show  that  they  have  no 
sensible  semidiameters  nor  parallaxes. 
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OX   FINDING   THE  LATITUDE. 


BY    OBSERVATION. 


The  latitude  of  any 
station  on  the  earth's 
surface^  may  be  deter- 
mined in  various  ways; 
but  the  readiest  method 
of  solving  this  problem^ 
is  derived  from  a  well 
known  property  of  tb6 
sphere,  viz  ; — that  the 
elevation  or  altitude  of  the 
pole  above  the  horizon  of 
any  place,  is  equal  to  the 
latitude  of  that  place^ 
thus,  in  the  annexed  dia- 
gram, \et  h  z  0  she  the  earth,  n  s  its  axis,  e  q  the  equator,  z  the  place 
of  the  observer,  and  o  n  the  elevation  of  the  pole  :  also,  let  h  z  o  be  an 
arc  of  the  heavens,  z  the  zenith  of  the  place  z,  e  e  the  celestial  equator, 
H  h  0  o  the  horizon,  n  the  celestial  pole,  and  n  o  its  altitude  or  height 
above  the  horizon,  coinciding  with  n  o,  the  elevation  of  the  pole  of  the 
earth. 

Now,  z  o  the  distance  from  the  zenith  to  the  horizon,  or  the  corres- 
ponding arc  z  o  o(  the  terrestrial  meridian  is  90^ :  en  l;he  distance  of  the 
equinoctial  from  the  pole,  or  its  corresponding  arc  ^  n  is  also  90°  :  and 
z  N  or  ^  n  is  common  to  these  two  equal  quantities,  and  may  therefore 
be  taken  from  both,  and  the  remainders  e  z,  and  n  o,  or  e  z  and  n  o  will 
be  equal ;  but  e  z  is  the  latitude  or  distance  of  the  place  z  from  the 
equator,  and  n  o  is  the  elevation  of  the  pole,  with  which  n  o  the  altitude 
of  the  celestial  pole  coincides,  therefore  the  elevation  of  the  pole  of  the 
earth,  or  the  altitude  of  the  celestial  pole,  is  equal  to  the  latitude  of  the 
place. 

The  pole  being  a  point  in  the  meridian,  if  any  star  were  fixed  exactly 
m  that  point,  the  latitude  of  the  place  of  observation  would  be  at  once 
obtained  betaking  the  altitude  of  the  star  by  any  proper  inatrument, 
and  correcting  this  observed  altitude  for  refraction.  As,  however,  this  is 
not  the  case,  any  bright  circumpolar  star,  or  star  that  does  not  deaeend 
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below  the  horizon^  may  be  selected^  and  its  altitude  observed  in  its  upper 
and  lower  culminations,  that  is^  when  it  passes  the  meridian  above  and 
below  the  pole. 

These  observations  being  corrected  for  refraction^  half  their  sum  wiU 
be  the  true  altitude  of  the  pole^  or  the  latitude  of  the  place  of  observation. 
Thus^  in  the  above  diagram^  if  a  o  be  the  altitude  of  the  circumpolar  star 
in  its  upper  culmination^  or  when  on  the  meridian  above  the  pole^  and 
6  o  its  altitude,  when  on  the  meridian  below  the  pole^  or  in  its  lower 
culmination^  the  true  altitude  of  the  polar  point  n  is  obviously  an  arith- 
metical mean  between  the  two  altitudes. 

We  have  in  this  example  supposed  the  star^  in  its  upper  culmination^  to 
pass  the  meridian  between  the  pole  and  the  zenith^  and.  then  its  greatest 
altitude  will  be  its  distance  from  the  north  point  of  the  horizon^  but  it 
may  pass  to  the  south  of  the  zenith.  Thus^  suppose  c  o  to  be  the  alti- 
tude of  the  star  below  the  pole^  then  in  its  upper  culmination^  the  same 
star  will  be  at  d,  when  being  south  of  the  zenith^  its  altitude  is  the  arc 
d  u,  measured  from  the  south  point  of  the  horizon :  this  must  therefore 
be  subtracted  from  180**  to  obtain  the  distance  from  the  north  point  of 
the  horizon,  and  half  the  sum  of  the  two  distances,  as  before,  will  be  the 
latitude. 

If,  instead  of  the  greatest  and  least  altitudes  of  )i  star,  its  greatest  and 
least  distances  be  found  (both  being  on  the  same  side  of  the  zenith)  and 
corrected  for  refraction,  half  their  sum  will  be  the  complement  of  the 
latitude,  or  what  the  latitude  wants  of  90°. 

The  latitude  is  more  generally  found  at  sea,  by  taking  the  sun's 
^tude  at  noon  by  a  sextant  or  quadrant,  this  observed  altitude 
being  corrected  for  dip,  semi-diuneter,  refraction  and  parallax,  is  then 
taken  from'  90*,  and  the  remainaer  is  the  sun's  zenith  distance^  which  is 
north,  if  the  sun  be  south  of  the  observer  when  the  altitude  is  taken,  and 
vice  versa.  The  sun^s  declination  is  taken  from  the  Nautical  Almanac, 
and  reduced  to  the  meridian  of  the  ship  or  place  of  observation,  then  if 
the  zenith  distance  and  declination  are  both  north  or.  both  south,  their 
sum,  but  if  they  are  of  contrary  names  their  difference,  is  the  latitude,  and 
is  always  of  the  same  name  wil^  the  greater  quantity. 

Thus,  let  HS  be  the  true  altitude  of  the  sun  on  the  meridian  of  the 
place  z,  then  sz  is  the  sun*s  zenith  distance  N.  se  is  the  sun'&declination 
which  is  also  N.  therefore  the  angular  distance  sz-rSE=:  the  angular 
distance  ez,  the  latitude  of  the  place  z.  Had  the  sun  been  at  x,  his 
meridian  altitude  would  have  been  h^,  h'is  zenith  distance  xz,  and  his 
declination  ej;,  which  being  S.  and  the  zenith  distance  N.  the  latitude  is 
xz — j£x=^iEz  or  ez  as  before. 

The  latitude  may  in  like  manner  be  obtained,  by  taking  the  meridian 
altitude  of  the  moon,  a  planet  or  fixed  star  whose  declination  is  known, 
by  making  such  variations  in  the  corrections  of  the  bbservcd  altitude, 
and  the  declination,  as  the  circumstances  of  the  different  objects  require. 
These  various  methods  arc  exemplified  in  the  following  rules. 
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To  find  the  laHtude  by  a  meridian  altitude  of  the  sun. 

Rule. — Conrect  the  obseryed  altitude  of  the  son^  (p.  168)^  for  index 
error,  if  any. 

Subtract  the  dip,  anawering  to  the  height  of  the  eye  above  the 
horizon,  (TaUeS,)  the  remainder  will  be  the  apparent  altitude  of  the 
observed  limo!^ 

From  the  apparent  altitude,  subtract  the  correction  corresponding  to 
it,  (Table  13,)  the  remainder  will  be  the  true  altitude  of  the  observed 
limb. 

To  the  last  remainder  add  the  sun's  semidiameter,  if  the  lower  limb 
be  observed,  but  subtract  it  if  the  upper  limb  be  taken,  and  the  result 
will  be  the  true  altitude  of  the  sun's  centre. 

Or  when  the  altitude  of  the  sun's  lower  limb  is  observed,  the  joint  effect 
of  the  corrections  may  be  taken  at  once  from  Table  14,  and  being  added 
to  the  true  observed  altitude  of  the  lower  Umb,  will  be  the  true  altitude 
of  the  sun's  centre. 

Subtract  the  sun's  true  altitude  from  QO"",  the  remainder  will  be  the 
sun's  true  senith  distance,  which  is  to  be  ealled  north  if  the  sun  be  south 
of  the  observer  when  the  altitude  is  taken,  but  south  if  the  sun  be  north 
of  him. 

Take  the  sun's  declination  from  Table  16,  and  correct  it  for  the  lon- 
gitude of  the  ship  by  Table  17^  whether  it  be  north  or  south. 

Then,  if  the  zenith  distance  and  declination  be  of  the  same  name 
their  sum,  but  if  of  different  names,  their  difference  will  be  the  latitude 
of  the  same  name  with  the  greater. 

When  the  hoAon  under  the  sun  is  obstructed  by  land,  the  dip  is  to 
be  taken  from  Table  9  instead  of  Table  8. 

Ex  1 — If  at  sea  October  10, 1852,  in  longitude  60<>  lO'E.,  the  observed 
meridian  altitude  of  q  be/60''  42',  the  observer  being  S.  of  the  s\2n,  the 
height  of  the  eye  20  feet^  and  the  index  error  1'  40^"  to  add;  required  the 
latitude.  ? 

obg  alt.  0'>tt-l-«- ^^    ^^     ^^* 

index  error •*•       1     40 

true  obi.  alt.  Q's  u.  1.  . . .     60    43     40  ^.  . 

dip,  Tables -       4     17  ©'«  dec,  (N,A.p.l)...  6*  48'  26.2^8. 

^pp.alt 60    39     23  dif.  I  h ^ 56 '95^cor. forlong.  —  3    48 -4 

refraction,  Table  7 ";    ^^     ^^  0's  red.  dec 6    44    378      « 

60     OB     51  ^ 

parallax,  Table  10 _+ 4_ 

true  alt  Q's  a  1 60    38     55 

semidiam.   N.A.pII....     —     16      3 

0'8  true  alt   60    22     52N. 

90 

O's  true  zenith  distance   .     29    37      8S. 
O'a  red.  dec    6    44     38  S. 

Latitude 36     21     46  S. 


LATITUDE.  175 

Ex.  2. — Suppose  January  2,  1852^  in  longitude  21'' W.  tbe  meridian 
altitude  of  0  to  be  33°  46'  45'"  the  observer  being  N.  of  the  sun,  height 
Off  his  eye  16  feet,  indei  error  IS"'  to  add ;  required  the  latitude  ? 

O'sdec.  (N.A.  p.1"). .     22»  58'  29  •4''S. 

oor.  forlong.W.  T.31.     —  17  .     ' 

0'8rerl.dec 22    58     12 '4 

oU.  alt.  ©'•  1.L S3*»  46'  45*'8  ^      ,  j        xi.   j 

+  15  Or,  by  second  method, 


true  ob..  att.  ©'•  11 33    47      0  true  oba.  alt  ©'b  U  .. .     33*  47'     0' 

.M—    T  ft  <i    RA  cor.  T.  14 +      lU    Osf 


app.  alt.  ©'i  U. . , 33    43    10  ©'strnealt 33    57    69 


90 


refr.  and  par.  T.  13 —  1  18 

traa  alt.  ©'■  U 33  41  52  Q'b  true  fcn.  dwtmice. . . .     56      2      1 

•emidiam.  N  A.  p.Il +  16  17  ©'■  red.  dec. ^^2^8^S. 

tnw  alt.  ©'a  centre 33  58  Ts.  L^tude Z^      3    49 

90  • 


§ 


•y%  true  sen.  distance. ...     56      1    51 N 
^'a  led.  dec. 22    58     12& 


Latitude 33      3    39N 


Examples/or  Exerdae. 

1.  Suppose  April  3rd.  1852,  in  longitude  12^W.  the  meridian  altitude 
of  ©  to  be  44  19'  S(fti.  the  height  of  the  eye  20  feet,  and  index  error 
1'  30^  to  subtract ;  required  the  latitude  ? 

Answer.— 51°  0'  55''N. 

2.  If  at  sea  Oct.  19,  1852,  in  longitude  42*'E.  the  observed  meridian 
altitude  of  ©  be  50''  10' S.  the  height  of  the  egre  being  1^  feet;  what 
latitude  will  the  ship  be  in  ? 


Answer.-^O*  4'  VK. 

^  Sj  June  11,  1852,  in  longitude  63  E.  the  observed  altitude  of  © 
being  42""  24'  45'^N.  the  height  of  the  eye  21  feet,  and  the  index  error 
2'  15"  to  add ;  required  the  Ii^jitude. 

Answer.  -24*  15'  41''S. 

4.  December  15,  1852,  in  longitude  177*^-  the  observed  meridian 
altitude  of  ©  being  45^  45'S.  the  height  of  the  tje  20  feet,  and  the  dis- 
tance of  the  land  under  the  sun  2  miles ;  required  the  latitude  f 

Answer.—  21a  22'N.  f 
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5. — Julj  20,  1852,  in  longitude  154°W.  the  meridian  altitude  of  0 
being  51°  42'  30",  the  observer  N.  of  the  sun,  and  the  height  of  the  eye 
24  feet;  required  the  latitude  ? 

Answer.— 5  8'  38'  46"N- 

6^— Feb.  17,  1852,  in  longitude  96^  30'  45'W.  the  meridian  altitude 
of  o  being  74"*  30'  20' N,  the  height  of  the  observer's  eje  21  feet,  and 
index  error  2'  20"  to  subtract ;  required  the  latitude  ? 

Answer.— 27*^  56'  56^S. 

To  find  the  latitude  by  the  meridian  altitude  of  a  fixed  star. 

BuLE. — ^Take  out  the  stores  declination  from  Table  12,  and  reduce  it 
to  the  time  of  observation,  as  explained  in  the  use  of  the  Table. 

From  the  true  observed  altitude  of  the  star  subtract  the  dip,  (Table  8) 
and  refraction,  (Table  7>)  the  remainder  will  be  the  star's  true  altitude, 
as  explained  page  171,  problem  18,  which  taken  from  90"*  will  give  the 
meridional  zenith  distance,  which  will  be  north  or  south,  according  as 
the  observer  is  north  or  south  of  the  star,  at  the  time  of  observation. 
Now  if  the  zenith  distance  and  declination  be  of  the  same  name,  their 
sum  will  be  the  latitude  of  the  ship  or  place  of  observation,  but  if 
of  contrary  names,  their  difference  will  be  the  latitude,  of  the  same 
name  with  the  greater  term. 

Example.  Suppose  June  20, 1852,  the  meridian  altitude  of  Vega  was 
observed  to  be  46''  32'N.  the  height  of  the  eye  16  feet,  and  the  index 
error  45^  to  add ;  required  the  latitude.  ? 

obs.  alt.  of  Vega 46«  32'     0"N. 

index  error +  45 

46     32    45 
dip  (T.  8) —      3     50 

46     28     55 
refraction,  (T.7)  * —  54 

star's  true  altitade 46    28       IN. 

90 

zenith  distance 43    31     59S. 

declination  of  Vega 38    38     56N. 

Latitade 4     53      3S. 


Examples/or  Exercise. 

2 — Jan.  24,  1852,  in  longitude  36''E.  the  observed  meridian  altitude 
of  Markab  being  45*  lO'S.  the  height  of  the  eye  10  feet,  and  index  error 
1'  15""  to  subtract ;  required  the  latitude.  ? 

Answer.— 59"*  19*  51''N. 
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3.  Jannaiy  4,  1852^  the  observed  meridian  altitude  of  the  star  Sirios 
46**  16'  south  of  the  observer,  the  height  of  the  eye  18  feet,   and 

index  error  4'  2(K  to  subtract ;  required  the  latitude  ? 

Answer.— 27°  22'  IS'^N. 

4.  December  20,  1852,  the  meridian  altitude  of  the  star  Antares  being 
49**  36' N.  and  the  height  of  the  observer's  eye  20  feet ;  required  the 
latitude  ? 

Answer.— 66**  35'  2*S. 

5.  Suppose  March  6, 1852,  the  observed  meridian  altitude  of  a  Arietig 
to  be  52  10'  30^S.  the  height  of  the  eye  18  feet,  and  the  index  error  15" 
to  add ;  required  the  latitude  ? 

Answw.- 60o  39'  34"N. 

To  find  the  latitude  by  the  meridian  altitude  of  a  planet. 

The  operation  for  determining  the  latitude  by  the  meridian  altitude  of 
a  planet,  is  the  same  as  that  of  a  fixed  star,  only  observing,  that  the 
declination  of  the  planet  is  to  betaken  from  the  N.A.  pp.  268  to  431, 
instead  of  Table  12,  and  reduced  to  Greenwich  mean  time ;  then 

Correct  the  altitude  for  index  error,  dip,  and  refraction,  find  the  zenith 
distance,  and  proceed  as  before ;  the  parallax  of  a  planet  is  of  too  little 
consequence  to  require  notice,  in  determining  the  latitude  for  nautical 
purposes. 

Example, — In  longitude  18»  20'W.May  1,  1852,  the  meridian  altitude 
<rf  the  planet  Venus*  ?  1.1.  was  26"  40'N.  the  height  of  the  eye  24ft.  index 
error  3'  20^"  to  add;  required  the  latitude  ? 

h    m    s 
cor.  mer.pas.yenii84oiig  18°20'W.  3     5  18 
long,  in  time  West 1  13  20 

Gr. mcMi time,  May  1 *  ^^  ^^      dec.  of    ?    26^27'  14-2"N. 

^.       ,^     -  o  OR     In       nv"       dif.  Ih.  7-t"x4  19 +  31-8 

obs.  alt.  of  ? 26    40      ON.  — 

W^j  error +       3    20  **«•  ^^'  ^  Venus  ....   26     27     46  N . 

tme  oba.  alt 26    43     20  

dip,  T.8 ~      4    42 

app.  alt 26    38    38 

26    36    45 
par.  T  26 + 10__ 

true  alt.    $  LI 26    36     55 

•emd.  ?  N.A + 10_ 

9  true  alt 26    37      5N. 

90 

$  zen.  dist 63     22     55S 

?  red.  dec 26    27     46N. 

ladtude 36     55       9S. 

*  Xlie  planet  Venus  may  sometimes  be  seen  at  mid-day. 

23 
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Examples  for  Exercise. 

1.  June  2,  1852,  in  longitude  1 70**  W.  the  meridian  altitude  of  the 
planet  Jupiter,  H  (LI.)  is  56**  20'  40"N.  the  height  of  the  eyel4  feet,  and 
index  error  2'  20"  to  add ;  required  the  latitude  ? 

Answer.— 49*  4'  S'^S. 

2.  August  31,1852,  in  longitude  94''£.  the  meridian  altitude  of  the 
planet  Saturn  ^  (1.1.)  is  38^  40^  30''S.  the  height  of  the  eye  18  feet,  and 
index  error  3'  30""  to  subtract ;  required  the  latitude  ? 

Answer.— 66«  18'  8*B. 

3.  January  31,  1852,  in  Wngitude  134*  40' W.  the  meridian  altitude  of 
the  planet  Mars  cf  (1.1)  being  40**  2'  S(rN.  the  height  of  the  eye  14  feet, 
and  index  error  2'  lO""  to  subtract ;  required  the  latitude  ? 

Answer.— 25  *>  46'  15''8. 

To  find  the  latitude  by  the  meridian  altitude  of  the  moon. 

RuLB. — Reduce  the  moon's  passage  over  the  meridian  of  Greenwich, 
on  the  given  day,  (taken  from  page  lY  of  the  month  in  the  Nautical 
Almanac)  to  the  meridian  of  the  ship,  or  place  of  observation,  by  Table 
21. 

With  the  time  of  the  moon's  passage  over  the  meridian  of  the  ship, 
and  the  ship's  longitude,  find  the  corresponding  Greenwich  mean  time, 
by  the  rule  already  given  for  that  purpose,  or  by  Table  15. 

From  page  III  of  the  month  in  the  Nautical  Almanac,  take  out  the 
moon's  semidiame^er,  and  horizontal  parallax ;  reduce  them  to  the  mean 
time  at  Greenwich,  b;  rules  page  164,  and  to  the  semidiameter  add  the 
augmentation.  Table  22. 

Take  out  the  moon's  declination  from  pages  Y  to  XII  of  the  month 
in  the  Nautical  Almanac  for  the  given  day  and  hour  at  Greenwich,  and 
reduce  it  to  the  Greenwich  mean  time,  by  the  rule  given  in  the  explana- 
tioh  to  those  pages  in  the  Nautical  Almanac,  or  as  explained  in  page  165. 

From  the  true  observed  altitude  of  the  moon,  subtract  the  dip  of  the 
horizon,  (T.  8.)  and  to  the  remainder  add  the  moon's  augmented 
semidiameter  if  the  lower  limb  be  observed,  or  subtract  it  from  that 
remainder  if  the  upper  limb  be  taken,  the  sum  or  difierence  will  be  the 
apparent  altitude  of  the  moon's  centre. 

To  the  moon's  apparent  altitude  add  the  correction  (T.  24.)  the  sum 
will  be  the  true  altitude  of  the  iiioon's  centre,  which  taken  from  90**  will 
give  the  zenith  distance,  which  is  called  north  or  south,  according  as  the 
observer  is  north  or  south  of  the  moon ;  under  this  set  the  redueed 
declination. 
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Then  if  the  zenith  distance  and  declination  are  of  the  same  name^ 
their  sum,  hut  if  of  contrary  names  their  difference  will  be  the  latitude, 
of  the  &ame  name  with  the  greater. 

Example.  November  30,  1852,  in  longitude  37o  2(fW.  the  observed 
meridian  altitude  C.  being  5V  10'  40"N.  the  height  of  the  eye  19  feet, 
and  index  error  45"  to  add ;  required  the  latitude. 

Moon's  mer  paM.  at  Greenwidi  (N-A.  p.IV) 15h  23-lm 

wr.  for  long.  37*20' W.  tnddaflyYar.  52  (T-21) +       5 

([  's  mer.  pass,  at  ship. 15    28      6 

long,  in  time 2    29    20 


mean  time  Gnenwicb 17    57    26 


^  's  semd.  at  18h-  CN.A.p.III)  15'  16*'  +  aug.(T.«)  12"  =  15'  28"  J 's  ang.  semd. 

d  's  her.  par.  56'  1"  (N.A.) 

t>ba.  alt.  a '>  U 51°  10'  40"N. 

index  error +  45 

tree  obs.  alt "sl     11     25 

dip -       4     11 


q>P-«lt. 51       7     14  ([ 's  dec.  Nov.30  at  17h.  .   22*^57'  51"N 

«ng.  "emd +     15     28  dif.  for  10m.  42*55  x  5*7 «  —      4       2 

^p.  alt.  d  's  centre 51     22    42 


cor.  (T  24) +     34     12  «d.  dedi 22    53    49 


true  alt.  ( 's  cmtEB 51     56    54N. 
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('8sen.dist. 38      3      6S. 

d  's  red  dec 22    53    49N. 


latitude 15       9     17  S. 


Examples  for  Exercise. 

1. — ^March  31,  1852,  in  longitude  110*E.  the  observed  meridian  alti- 
tude of  £  being  62**  lO'  30"N.  the  height  of  the  eye  16  feet,  and  index 
error  4'  10^  to  add ;  required  the  latitude  ? 

Answer.— 8o  5'  8"S. 

2— May  30,  1852,  in  longitude  42°  lO'W.  the  observed  meridian  alti- 
tude of  i.  being  AT  31'  40''B.  the  height  of  the  eye  20  feet,  and  index 
error  2'  20''  to  subtract :  required  the  latitude  ? 

Answer. — 31**  24'  52"N. 

3.  October  31, 1852,  in  longitude  152**  W.  the  observed  meridian  alti- 
tude of  ^  being  SQ^  10'  50"N.  the  height  of  the  eye  14  feet.  And  index 
error  1'  AXf  to  add ;  required  the  latitude  ? 

Answer.— 27*  0'  48"S. 
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4,  March  4,  1852^  in  longitude  ISO^'E.  the  observed  meridian  altitude 
of  c"  being  78'*  20'  20''S.  the  height  of  the  eye  24  feet,  and  index  error 
25*  to  subtract ;  required  the  latitude  ? 

Answer.— 29''  3'  36''N. 


To  find  the  latitude  by  an  altitude  of  the  Pekar  Star. 

RuLB. — ^To  the  sidereal  time  mean  noon,  taken  from  the  Nautical 
Almanac  page  II,  add  the  sidereal  time  answering  to  the  apparent  time 
of  observation,  (Table  43)  and  the  sum  (rejecting  24h.  if  necessary)  will 
be  the  mid-heaven,  or  right  ascension  of  the  meridian. 

Find  the  true  altitude  of  the  star  page  171>  with  the  rigbt  ascension  of 
meridian  enter  Table  28,  and  take  out  the  corresponding  correction, 
which  correction  being  applied  by  addition  or  subtraction  (as  directed  in 
the  Table)  to  the  star's  true  altitude,  will  give  the  approximate  latitude ; 
to  this  add  the  correction  taken  from  Table  29,  and  the  sum  will  be  die 
latitude  sought. 

The  time  of  the  stars  passing  the  meridian  may  be  deduced  from  Table 
20,  and  it  should  be  remarked  that  the  nearer  the  star  is  to  the  meridian, 
cither  above  or  below  the  pole,  when  the  observation  is  made,  the  less 
will  be  the  error  in  latitude  arising  from  an  error  in  the  supposed  time; 
however  an  error  amounting  even  to  20  minutes  in  the  apparent  time, 
will  not  afifect  the  latitude  more  than  8*5  minutes,  even  at  the  star's 
greatest  distance  from  the  meridian,  and  when  on  meridian  either  above  or 
below  the  pole,  will  not  produce  an  error  of  half  a  minute  in  the  latitude. 
Now  as  it  is  scarcely  to  be  expected  the  error  in  the  apparent  time  should 
amount  to  one-half  or  even  a  quarter  of  that  specified  above,  it  is  obvious 
that  this  method  of  determining  the  latitude,  although  confined  to  places 
situated  in  the  northern  hemisphere,  is  particularly  worthy  the  attention 
of  the  mariner.* 

Example. — June  25,  1852,  at  8h.  48m.  23s.  p.m.  mean  time,  the 
observed  altitude  of  the  polar  star  being  34**  26'  and  the  height  of  the 
eye  16  feet :  required  the  latitude. 

sidereal  time,   mean  noon,  "^   gj^  ^^^  g^ 

(N.A  p.II  ) 

mean  time,  8h  48m  238 » 

sidereal  time,  Table  43 . 


8     49     50 


♦  obs.  alt 

dip.  (T.8) — 

♦  app   alt 34" 

refr.  (T.7) — 


34°  26'     O*' 
—       3     50 


22 
1 


10 
23 


sidereal  time,  Greenwich. . .    15       4     56 


«  true  alt 34  20  47 

cor.  (T.28) 1  17  0 

approx.  lat ^  37  47 

cor   (T.29) +  15 


latitude 35     38       2N- 


Bj  Nautical  Almanac,        latitude,     35<>  40'  6"N. 


^  Rules  and  Tables  fur  finding  the  Latitude  by  an  altitude  of  the  Polar  Star,  to  the 
uearebt  second^  will  be  found  in  the  Nautical  Almanac. 
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Ex(AnpU8for  Exercise, 

1.  November  24,  1852,  at  7h-  45m.  p.m.  in  longitude  20° W.  the  alti- 
tude of  the  polar  star  being  47°  40'  2^,  the  height  of  the  eye  17  feet, 
and  index  error  1'  lO'^  to  add ;  reqiyred  the  latitude  ? 

Answer.— 46*  10'  4l''N. 
by  N.A.  46   11  54  N. 

2. — ^May  6,  1852,  at  lOh.  30m.  308.  p.m.  in  longitude  40**  20' W.  the 
altitude  of  the  polar  8tar  being  50''  30',  the  height  of  the  eye  21  feet, 
and  index  error  2'  40"  to  subtracts  required  the  latitude? 

Answer.— 51"  50'    7"N. 
byN.A.  51  51  37N, 

3.  September  19,  1852,  at  lOh.  40m.  p.m.  the  observed  altitude  of  the 
polar  star  being  40"  30'  40*^,  and  the  height  of  the  eye  16  feet ;  required 

the  latitude  ? 

Answer.- 39^  15'  33"N. 
by  N.A.  39  16    49  N. 

4.  May  2,  1852,  at  8h.  40m.  208.  p.m.  mean  time,  the  observed  alti- 
tude of  the  polar  star  being  60°  10',  the  height  of  the  eye  14  feet,  and 
index  error  2'  40^^  to  subtract ;  required  the  latitude  ? 

Answer.— 61°  23'  46"N. 
by  N  A.  61  24      0  N. 

To  find  i/ie  latitude  by  a  meridian  altitude  below  the  pole.* 

When  the  latitude  of  the  place  of  observation,  and  the  declination  of 
a  celestial  body  are  both  of  the  same  name,  if  the  former  exceed  the 
complement  of  the  latter,  the  celestial  body  will  be  circumpolar,  that  is, 
it  will  come  to  the  opposite  meridian  without  setting  at  that  place,  and 
is  then  said  to  be  on  meridian  below  the  Pole,  in  which  situation,  if  the 
altitude  of  the  body  be  taken,  the  latitude  of  the  place  may  be  found  by 
the  following 

Rule. — Correct  the  declination  of  the  object  and  subtract  it  from  90° 
the  remainder  will  be  its  co-declination,  which  being  added  to  its  true 
altitude  (found  as  before,)  will  give  the  latitude  of  the  place  of  observa- 
tion, of  the  same  name  with  the  declination. 

The  sun  is  on  the  meridian  below  the  pole  12h.  after  noon,  therefore. 


*  The  apparent  time  of  the  inferior  transit  of  a  fiied  star  over  the  opposite  meridian,  or 
the  time  of  its  coming  to  the  meridian  helow  the  pole,  may  be  found  bv  adding  12b.  dimi- 
nished by  half  the  daily  variation  of  the  son's  right  ascension,  to  the  apparent  time  of  the 
Boperior  transit  of  the  said  star. 

The  least  altitude  of  a  circumpolar  celestial  object  takes  place  at  the  instant  of  its  being 
on  tbe  meridian  below  the  pole. 
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if  the  longitiide  in  time  be  added  to  or  sobincled  from  I2h.  aeoording 
as  it  is  west  or  east,  the  Greenwich  time  at  which  the  son  will  be  below 
the  pole  win  be  found.  If  to  the  time  ot  the  moon^s  passing  the  meri- 
dian, 12  hoars,  and  half  the  daily  differenoe  at  her  passing  the  meridian 
be  added,  the  som  will  be  the  time  at  which  she  wul  be  below  the  pole; 
if  12  hours  be  added  to  the  time  at  which  a  planet  is  on  the  meridian, 
the  som  will  be  the  time  at  which  it  is  below  the  pole,  at  least  sufficiently 
exact  for  computing  its  declination  for  the  latitude. 


Ex, — June  18,  1852,  in  longitude  20**E.  the  meridian  altitude  of  q 
observed  below  thejpole  being  9"*  17'  32""  the  height  of  the  eye  18  feetj 
and  index  error  25    to  subtract  ;  required  the  latitude  ? 

app.  time  at  ship...     12h  0  obcaltO'sU- 9«  17'  32^ 

kra^. in  timeE.   ...       1  20  indez  error. -— 25 

., T  true  obs.  alt.  O'sLL 9     17      7 

app.  time  Greenwidi .   10  40  dip,  (T.  8) 4      4 

0'.dec(NJLpI)..":r23*25'  5rN.  S' ^j  ^"  li  V3V  * ' ' "  ^  *!  3! 

dSf.lh.  2-40xlO|....    =.      +         25-6  refr.«ndpar.(T.13)...._- 5_J2 

tree  alt.  0's  1.1- 9  7  31 

O's  dec. Gnnrh.  time ... .  23    26     16-6        0'a  aemidiameter —  1&  <5 

90                            0'b  true  ah. 8  'hi  46 

0'8  co-dec 66  33  43  N. 

0'8oo.dec. 66    33    43  4        utitude 75  25  29  N. 


Exaw^lHtsfor 

1.  June  19,  1852,  in  longitude  SO^'W.  the  meridian  altitude  of  0 
when  on  the  meridian  below  the  pole  being  S"*  10'  2(y  and  the  height  of 
the  eye  10  feet ;  required  the  latitude  f 

Answer.— 74*  49'  40''N. 

2.  In  longitude  BO^'W.  July  16,  1852,  the  altitude  of  Capella  on  the 
meridian  below  the  pole,  being  21''  SO',  the  height  of  the  eye  14  feet, 
and  index  error  2'  lO''  to  add ;  required  the  latitude  T 

Answer.— 65^  35' 48*11. 

3.  November  30,  1852,  in  longitude  74^£.  the  altitude  of  Fomalhaut, 
on  the  meridian  below  the  pole,  being  10°  4'  15"',  the  height  of  the  eye 
24  feet,  and  index  error  1'  20^"  to  add ;  required  the  latitude  ? 

Answer.— 69'  31'  22''S. 

4.  January  4,  1852,  in  longitude  78^  50'W.  the  altitude  of  Achemar, 
on  the  meridian  below  the  pole,  being  31^  40'  40",  the  height  of  the 
eye  20  feet,  and  index  error  4'  30"  to  subtract :  required  the  latitude  ? 

Aniwer.— 63'  30'  32''S. 
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5.  In  longitude  162*'E.  on  December  31,  1862,  the  altitude  of  ©,  on 
the  meridian  below  the  pole  being  5*  40'  2(y,  the  height  of  the  eye  18 
feet,  and  index  error,  3'  20"  to  add ;  required  the  latitude.  ? 

Answer.— 72°  42'  45''S. 

Moon's  meridian  aUitude  below  the  pole. 

.Ewwnpfe.— June  19,  1852,  in  longitude  96*"  E  the  meridian  altitude 
of  C  below  the  pole  being  6"  20'  30^"  the  height  of  the  eye  19  feet 
and  index  error  3'  lO''  to  subtract :  required  the  latitude  ? 

Moon's  mcr.  pass  at  Greenwich  (N.A.p.IV)      -    -     -     -     Ih  39m 
cor.  for  long.  96«E.  and  daily  variation  55m  (T.21)   -     -    —  14 

1     25 
cor.  for  paas.  at  ahip  (ob«.  below  pole)  12h  +  half  daily  Tar.)12    27    30 


pass,  at  ship  below  the  pole ----13    52    30 

long,  in  time  R.      - ---6    24 


mean  time  at  Greenwich      ---------.7    28    30 

Moon's  hor.  par.  at  7ih-«57'  6"  Moon's  semidiam.  at  7\h^iy  33^ 

Moon's  semidiam.  •¥  ang.  a  15^  33^^  +  2^  » 15'  35^^ 

ob«.ah. « 's  U 6**  M'  30"  (['sdec.   Jnnel9,  at  7h-  \^^  ^^  ,,  .^, 

i»ki  error —      3     10  (NA.p.llO) /^^  ^^  ^3-5N. 

tme  obs^t.  ({ 's  1 1 6     17     20  dif.  for  10m.  29*05  x  2-85 »  ^     122*8 

«P.  (T8) —      4     11 


•pp  alt  ('sl.l 6     13    "T"  red. dec ..    22  46  20*7 


( 's  aag.  semidiam +     15    35 


90 


app.  ait.  d 'a  centra 6  28  44                 co.-dec 67  13  39- W 

cor.  (T.24) +  48  50                  w.  «»... 07  16  39  3W. 

C'stmealt 7  17  34 

CO  .-dec 67  13  39N. 

l«*itade 74  31  13N. 


Example  for  Exercise. 

1.  November  14,  1852,  in  longitude  18'  25'  W.  the  toeridian  altitude 
of  ^  below  the  pole  being  7*  19'  40",  the  height  of  the  eye  22  feet  and 
index  error  2'  40"  to  add :  required  the  latitude  T 

Answer,  73*  49*  4''S. 
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LATITUDE   BY   DOUBLE   ALTITUDES. 

To  find,  the  latitude  and  apparent  time,  hy  two  altitudes  of  the 
sun  and  the  time  elapsed  between  the  observations. 

If  a  chronometer  be  used  for  noting  the  time,  thence  to  find 

the  longitude  by  chronometer. 

On  the  correction  of  altitude  for  change  of  place. 

This  useful  problem  is  solved  upon  the  supposition^  that  both  obser- 
vations of  the  sun,  are  taken  at  the  same  spot,  but^  a  ship  at  sea^  in  the 
progress  of  her  passage,  when  the  second  altitude  is  t  iken^  is  generally 
several  miles  distant  from  the  place  where  the  first  altitude  was  observed. 
Therefore  it  is  necessary  to  correct  the  first  altitude,  for  the  change 
which  has  taken  place  in  the  ship^s  position,  during  the  elapsed  time 
between  the  first  and  second  observations,  because,  in  most  cases,  the 
navigator  requires  his  latitude  at  the  second  observation.  There  are  two 
cases  where  this  correction  is  required 

-I.  The  ship  sails  towards  the  sun  and  raises  him  after  the  first  obser- 
vation, therefore  the  first  altitude  will  be  higher  at  the  second  position, 
consequently  the  first  altitude  requires  a  correction  to  be  added  to  it. 

2.  The  ship  sails  from  the  sun  and  depresses  him  afiker  the  first 
observation,  therefore  the  first  altitude  will  be  lower  at  the  second 
position,  and  requires  a  correction  to  be  subtracted  from  it. 

The  angle  contained  between  the  ship^s  course  and  the  sun's  bearing, 
(which  must  always  be  taken  at  the  first  observation,)  determines, 
whether  the  ship  suls  towards^  or  sails  from  the  sun,  and  also  regulates 
the  quantity  of  the  correction,  with  respect  to  the  distance  sailed  in  the 
elapsed  time. 

Thus  if  the  course  be  E.bS.  and  the  sun  bear  E.bS.  the  angle  is  0,  and 
the  first  altitude  must  have  the  whole  distance  sailed  in  theekpsed  time, 
added  to  it  as  a  correction  for  change  of  station. 

Again,  if  the  course  be  W.S.W.  and  the  sun  bear  E  JN'.E.  the  ship  sails 
durectly  from  the  sun,  and  every  mile  sailed  during  the  elapsed  time, 
must  be  subtracted  from  the  first  altitude. 

If  the  angle  be  less  than  eight  points,  enter  Table  I  or  II  with  the 
angle  and  distance  sailed  during  the  elapsed  time,  take  out  the  corres- 
ponding difference  of  latitude  and  add  it  to  the  first  altitude,  because  we 
always  approach  the  sun,  when  the  angle  is  less  than  eight  points  or 
90'. 

If  the  angle  be  more  than  eight  points,  subtract  it  from  sixteen  points, 
with  the  remainder,  as  the  angle  and  the  distance  sailed,  enter  Table  J 
or  II,  the  corresponding  difference  of  latitude  must  be  subtracted  from 
the  first  altitude,  because  we  always  sail  from  the  sun,  when  the  angle 
is  greater  than  eight  points,  or  90^. 
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When  the  angle  between  the  ship's  coarse  and  the  sun's  bearing  at 
the  first  observation  is  eight  points  or  90^,  the  first  altitude  requires  no 
correction  ^ot  change  of  station. 

In  the  above  precepts  for  correcting  the  first  altitude^  the  Traverse 
Tables  are  used,  as  the  readiest  means  of  solving  a  right  angled  plane 
triangle^  of  which  the  difference  of  latitude  represents  the  perpendicular, 
ao  that  the  correction  is  not  to  be  considered  as  the  difference  of  latitude 
between  the  two  positions^  where  the  observations  are  taken. 

If  the  ship's  course  be  altered  after  the  first  observation^  or  during  the 
elapsed  time,  then,  the  course  and  distance  made  good  must  be  used  to 
find  the  angle  and  amount  of  correction. 

m 

To  find  the  latitude  <md  apparent  time  at  ^hip. 

Sule. — If  a  chronometer  be  used  for  noting  the  times  of  observation, 
make  up  its  error  and  rate  for  each  observation. 

Find  the  half  elapsed  time,  and  the  middle  mean  time  at  Greenwich 
between  the  observations. 

Beduce  the  sun's  declination,  and  the  equation  of  time,  (both  from 
p.  IL  N.A.)  to  the  middle  mean  time  Greenwich, 

Correct  the  altitudes,  and  reduce  the  first  altitude  for  change  of  place 
if  requisite,  accordmg  to  the  preceding  rules,  (p.  184.) 

half  the  sum  and  half  the  difference  of  the  corrected  altitudes. 


Write  out  a  form  for  the  required  quantities  and  their,  logs,  from  T.  5 
according  to  the  worked  examples,  by  which  means,  the  secant  and  sine 
of  the  dedination,  the  cosine  and  sine  of  half  sum,  and  the  sine  and 
cosine  of  half  difference  can  be  taken  out  together,  and  put  into  their 
respective  places  for  adding  up.     Then, 

(1.)  To  secant  of  sun's  declination,  add  co-secant  of  half  elapsed  time« 
the  sum  is  co-secant  of  arc  1. 

(2.)  To  co-secant  arc  1,  add  cosine  of  half  sum  of  altitudes  and  sine  of 
half  diffeaence  of  altitudes,  the  sum  is  sine  of  arc  2. 

(3.)  To  secant  of  arc  1,  add  sine  of  half  sum  of  altitudes,  cosine  of  half 
difference  of  altitudes,  and  secant  of  arc  2,  the  sum  is  cosine  of  arc  3« 

(4.)  To  sine  of  sun's  declination,  addsacant  of  arc  1,  the  sum  is  cosine 
of  are  4;  if  latitude  and  declination,  be  one  N.  the  other  S.  take  the  arc 
found  in  T.  5,  firom  ISO**  for  arc  4. 

(5.)  The  difference  of  arcs  3  and  4,  is  arc  5,  except  when  the  latitude  is 
less  than  the  declination  both  N.  or  both  S.  then  take  the  sum  of  arcs  3 
and  4  for  arc  5,  which  arc  5  must  be  less  than  90^.* 

*  Wben  the  latitude  thus  obtained  differa  much  firom  the  latitude  by  aocoont,  arc  5 
muat  be  recomputed ;  yiz.  if  the  diferenee  of  arcs  3  and  4  were  taken  for  arc  &,  iww  take 
the  fMR  of  arcs  3  and  4  for  arc  5,  if  the  sum  of  3  and  4  be  less  than  90^. 

Again,  if  the  mm  of  arcs  3  and  4  were  taken  for  arc  5,  now  take  the  difference  for 
aic  6,  and  proceed  (by  6)  to  find  ancffiier  latitude. 
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(6.)  To  secant  of  arc  5,  add  secant  of  arc  2,  (already  found)  the  sum  is 
co-secant  of  latitude. 

(7.)  To  secant  of  latitude  add  sine  of  arc  2,  (2.)  the  sum  is  sine  of 
8un*s  hour  angle  at  ship^  corresponding  to  the  middle  mean  time  Green- 
wichi  if  P.M.  the  hour  angle  is  apparent  time;  if  a.m.  subtract  it  from  24li 
forapparent  time,  to  which  apply  the  reduced  equation  of  time  as  directed 
in  the  N.A.  p.  I,  the  result  is  mean  time  at  ship,  the  dijQference  between 
this  and  the  middle  mean  time  Greenwich,  by  chronometer,  is  the  longi- 
tude of  the  ship. 

Should  the  ship  time  of  the  first  or  second  observation  be  requi^, 
the  half  elapsed  time  subtracted  from,  or  added  to,  the  middle  time  found 
by  (7.)  will  give  either. 

Ex.  1.—  1852,  February  2,  p.m.  at  ship,  the  sun's  true  altitude  was 
62**  28'  bearing  N.SG'^W.  Greenwich  mean  time,  by  chronometer 
2d  4h.  50m.  the  ship  sailed  N.SG'^W.  19',  when  the  sun's  true  altitude 
was  24*  59^  the  Greenwich  mean  time  2d.  8h.  30m.  latitude  by  ac- 
count 40*  12'S.  required  thelat.  and  likewise  the  long,  by  chronometer. 


M,  obs.     - 
2nd     M      - 

dapi.  time 

half  d.  time 

middle  time 


.  4h  50m 

.  8    30 

.  3     40 

.  1     50 

-  6     40 


0'>  dec.  p.n.  N.A. 
16"  67^  Sl'^S. 
-,      4     50 

16    53 


diff.     43-44" 
>c6'40 


260  -64 

21-72 

7-24 

6,0)28,9-6 

lit  true  alt.     -    -     62*  28' 
for  change  of  station  +     19 


O'a  bearing  N.  36*»W.  ^  ^^  '^ 

Coune     -     N.  36 "W.     equ.  t.p.II.N.A.   diff.292 


2nd  true  alt    - 
mm      -     -     - 

diff.      -     -     • 


62    47 
24    59 


add  the  whole  1   ZO 
distance         j   


13m  57  '95 
+       1-94 


6-40 


87    46     half  sum     43*"  53' 


r.  eq.l4 


1-752 
-146 
-048 


37    48     half  diff.      18    54 


halfeLtime      Ih  50m    co-sec 
dec 16'*53'    sec 


arcl.......  26  13  oo-sec. 

half  sum. ...  43  53  eos.  . 

half  diff 18  54  sine  . 

arc2 31  54  sine  . 


-33559 
•01913 

•35472 
9-85778 
9  -51043 

9*72293 


sec. 

sine...   9-84085 

eos.  . 


arc3 
arc4 


30  34    COS. 

71     7    


arc 


5 40  33 


seCi 


•  .  • 


latitude 40  10      sec. 


•11681      cosec 


04715 

84085 

9  -97593 

•07110» 

9  -93503 

•11928 +  • 
* 19038 


1-946 

sine  . . . . 
sec 

9-46503 
-64715 

•  cos 9-51018 


h.  Z  ap.t. .  2h  55m  Os    sine 9  -83974 

eqa.time. .  +    14    0  ' 

mn.tm  ship  3    9    0 
mnt.Gmw.6  40    0 


3  31     0    -long.52*'45'00''W. 
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2.  1852,  May  12,  a.m.  at  ship,  the  sun's  true  altitude  was  41*  31 '  bear- 
ing  S.73**E.  mean  time  Greenwich  by  chronometer,  lid.  23h.22m.78.  the 
ship  sailed  S.70®  W.20',  when  the  sun's  true  altitude  was  63**  3' ;  mean 
time  Greenwich  12d.  2h.  28m.  78.  latitude  by  account  45"  7'N.;  required 
the  latitude,  and  the  longitude  by  chronometer. 


d    h    m    ■ 
lAobs.    .    -     11  23  22  7 
ted  obs.  .    -     12    2  28  7 

0*8  dec.  p. 
18«  14 

+ 

.11.  N.A 

'  4r'N. 

34 

• 

•  31' 
16 

diff. 

1 

eq.  timi 
3n 

37  06" 
3*08 

34 

ciapied  time    -     -    3 

6 

18     15 

15 

halfcLtiine    -     -     1 

33 

1st.  true  alt.. . 
oor.for  change 

2nd  true  alt.  . 

mm  »   m   m  m  m    m    m    *i 

...   41« 

...    "^ 

mid  time  -    -  12    0  55  7 

0'>  bearing  S.  73« 
coarse      -     S.  70 

£. 
W. 

co-sec. 

ep.II.  N.A.  ,.«•  A  q 

Z               143 
180 

41 
1  • .  •   63 

15 
3 

3 

53  —  from  ap.  tim 

half  sui 
halfdif 

with  dist.  20'  &  37* 

....104 

18 

n    52*    9' 

diff. 

inT  2.  cor      .i.16 

. ...  21 

48 

r.     10    54 

. .      -40368 
. .      -02241     . 

hilf  d  time  lb  33m 
dec 18®  15' 

sine..    ..   9*49577 

co-sec 

COS..  . . 

sec.  . . 

sine... 

COS..  .. 

B9C*    •  • 
COS.. .  . 

■  ••••••  a 

sec  ... 
co-sec.  . 

•03288 
9*89742 
9  ^99209 

•02187* 

arc  1 22     1 

tM^fsnm...   52     9 

•42609 
..   9*78788 

sec '03288 

half diff. ...    10  54 

sine,  t  • 

. V  9.27668 

sine. .  • 

aic2 18    2 

..   9-49065 

Are  3 28  25 

9  -94426 

•  ••.......a 

«c4 70  15i 

•12785 +  • 

cos 9  52865 

41  50i 

§cc 

•15127 

latitude. ...   45     6 

•14972 

sine  . . 
40^  45' 

h.  / . . .    Ih  44m  Os 

..   9*64192 

• 

ap.t.  dup  22  16  00 
eqn.tima  —    3  53 

00"W.  long. 

mn.t  ihip22  12    7 
m&  t.Grn  24  55    7 

12  43    0- 

Examples  for  Exercise, 

1- — 1852,  April  7,  ?«m.  at  ship,  the  sun's  true  altitude  was 
eS""  22'  bearing  S.34®W.  mean  time  Greenwich  by  chronometer 
6d.  16h.  17m.  lOs.  The  ship  sailed  S  29',  when  the  sun's  true  altitude 
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was  27^  19';  mean  time  Greenwich  6d.  19li.  29m.  Ss.  latitude  by  aeoonnt 
29''  16'N.  required  the  latitude  at  the  second  observation^  and  longitade 
by  chronometer.? 

Answer. — ^Latitude        -    -^    -     -    29*  18'  SO-'N, 
Long,  by  ehronometery    130  44  45  E. 

2. — 1852,  January  3,  a.m.  at  ship,  the  sun's  true  altitude  iraa 
37^  6'  bearing  S.  109^.  mean  time  Greenwich  by  chronometer, 
2d.  15h.  18m.  23s.  The  ship  sailed  S.19*E.  20^  when  the  sui's 
true  altitude  was  61<'26',  mean  time  Greenwich  2d.l7h.  58m.  278. 
latitude  by  account  5°  3'N. ;  required  the  latitude  at  the  second  obser- 
Tation,  and  longitude  by  chronometer  ? 

Answer. — Latitude    ------5*    lU. 

Longitude  by  chronometer     85   31  E. 

3. — 1852,  March  15,  a.m.  at  ship,  the  sun's  true  altitude  was 
32""  46'  bearing  N.GS^'E.  the  mean  time  Greenwich  by  chronometer 
14d.  18h.  47m.  4b.  The  ship  sailed  S.eS^'W.  2(f,  when  the  sun's  tnie 
altitude  was  52*  44',  mean  time  Greenwich  14d.  21h.  27m.  28.  latitude 
by  account  38*  20'S.  required  the  latitude  at  the  second  observation  aod 
longitude  by  chronometer  ? 

Answer. — Latitude 38''  22'S. 

Longitude  by  chronometer  31^31'  45''E. 

By  the  above  method  the  latitude  may  be  determined  from  two 
altitudes  of  the  same  fixed  star,  with  the  elapsed  time  between  the 
observations ;  it  will  however  be  necessary,  if  the  interval  be  given 
in  solar  time  to  reduce  it  to  sidereal  time,  which  may  be  done  with 
sufficient  exactness  by  increasing  the  observed  interval  one  second  of 
time  for  every  six  minutes,  or  ten  seconds  for  every  hour. 


To  find  the  latitude  by  an  altitvdeofthe  sun  taken  near  the  meridian^ 
having  tlie  latitude  by  account,  the  apparent  time  of  observationy 
and  tlie  longitude,  given, 

Situations  frequently  occur  at  sea  in  which  the  true  determination  of 
.  the  latitude  becomes  an  object  of  primary  importance  to  the  mariner ; 
when,  therefore  in  such  cases,  from  the  interposition  of  clouds,  fogs,  &c. 
the  meridional  altitude  of  the  sun  cannot  be  observed,  the  latitude  may 
be  obtained  from  the  sun's  altitude,  taken  at  any  interval  from  noon  not 
exceeding  the  following  limits,  viz,  the  number  of  minutes  and  parts  of 
a  minute  contained  in  the  interval  between  the  time  of  observation  and 
noon,  must  not  exceed  the  number  of  degrees  and  parts  of  a  degree 
comprised  in  the  sun's  meridional  zenith  distance  at  the  place  of  obser- 
vation. 
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Now  the  Slinks  meridional  zenith  difitance  is  expressed  by  the  difference 
between  his  decimation  and  the  latitude  of  the  place  of  observation  when 
they  are  of  the  same  name,  or  by  their  sum  when  they  are  of  contrary 
names,  the  extent  of  the  interval  from  noon,  within  which  the ,  aMtvae 
«/btiU&eo&#erv^»  may  therefore  be  foond  by  means  of  the  difference 
between  the  latitude  and  the  declination,  when  they  are  both  north  or 
both  south :  or  by  their  sum  when  one  is  north  and  the  other  south ;  thus 
if  the  latitude  be  71°  and  the  declination  be  23*  both  of  the  same  name, 
the  interval  between  the  time  of  observation  and  noon,  must  not  exceed 
48  minutes;  but  if  one  be  north  and  the  other  south  the  interval  may  be 
extended,  if  requisite,  to  94  minutes  before  or  after  noon. 

The  sun's  altitude  being  observed  <xt  any  time  within  the  above  men" 
turned  limits,  the  latitude  of  the  place  of  observation  may  be  determined 
to  every  necessary  degree  of  accuracy,  by  the  following 

Rule. — ^From  the  observed  altitude  of  the  sun's  upper  or  lower  limb, 
find  the  true  altitude  of  his  centre,  (page  168.) 

Take  the  sun's  declination  from  page  I,  of  the  month,  in  the  Nautical 
Almanac,  and  reduce  it  to  the  apparent  time  of  observation  by  Table  31, 
or  by  the  hourly  difference  from  the  Nautical  Almanac 

Add  together, — 

the  log  rising  of  the  time  from  noon,  (Table  30) 
the  1<^  co-sine  of  the  latitude,  (Table  5) 
and  the  log  co-sine  of  the  declination,  (Table  5) 

Find  the  natural  number  corresponding  to  the  sum  of  these  three 
logarithms,  rejecting  tens  in  the  index,  (Table  4.) 

Add  this  number  to  the  natural  sine  of  the  true  altitude  (Table  32;) 
taken  out  to  5  places,  their  sum  will  give  the  natural  co«sine  of  the 
meridional  zenith  distance,  to  which  apply  the  declination  as  before,  and 
the  result  will  be  the  latitude. 

If  the  latitude  found  es  above  diffsr  materially  from  the  latitude  by 
account,  the  operation  may  be  repeated,  using  the  former  in  the  place  of 
the  latter. 

If  the  time  at  ship  when  the  altitude  is  observed  be  shewn  by  a  watch, 
whose  error  for  apparent  time  has  been  previously  determined,  this  error 
innst  be  applied  to  the  time  shewn  by  the  watch  at  the  time  of  observa- 
tion, and  should  the  ship  have  changed  her  longitude  since  the  error  of 
the  watch  was  ascertained,  this  difference  of  longitude  must  be  turned 
into  time,  and  added  to  the,  corrected  time  shewn  by  the  watch  if  east, 
or  subtracted  if  west. 

Or  if  the  time  be  taken  by  a  chronometer  shewing  mean  time  at 
Greenwich,  it  may  be  reduced  to  apparent  time  at  Greenwich,  by  apply- 
ing thereto  the  equation  of  time,  taken  from  p.  II,  of  the  month,  in  the 
Nautical  Almanac;  to  the  apparent  time  at_  Greenwich  add  the  longitude 
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of  the  ship  in  time,  if  it  be  east^  or  sabtractit  if  west,  and  the  result  wiJl 
be  the  apparent  time  at  ship. 

Example. — 1852,  June  2,  am.  at  ship,  in  latitude  by  account 
36°  lO'N.  longitude  54**  30 'W.  the  observed  altitude  of  0  was  76'  45' 
index  error  -f  9",  height  of  the  eye  14  feet,  time  by  watch  Sh.  19m.  31s. 
its  error  on  apparent  time  at  ship,  found  previously  (the  sanse  morning) 
3h.  30m.  fast ;  sailed  to  east,  since  error  was  found,  21'  diff.  long. ;  re- 
quired the  latitude. 

h    m      8  0*8 dec.  app.  noon,  p.I> Inno  !■/    i  .i^'^k 

timebywatch 3     19     51  N.A /^^     '^     **^ 

error,  watch  fast 3    30      0  diff.  Ih,  18  -56''  x  3  -29  «    +     1     4  6 

23    49    31  O'b  dec.  time  of  obs.*  . .   22     16    6N. 

safledK.  21' «    +        1     24  ====== 

23     50    55       0'iboar  Z  « 9m.  58  east  of  meridian » 
long.  W.  54"  30'   «  3     38      0  2°  16'  15*  in  arc. 

Greenwich  app.  time 3    28     55     P.M* 

0'8U    14  ft.  +9"-      76*45'      9"     -     -hour  Z  9m.  5s.' log.  ria.    2 -895041 
cor.  G'sU-        -     -     -     +      11     55       -     0'8  dec.  22»  16' 6"  COS.    9-96634 

true  alt. 76    57      4  nat.  sin.  974177    lat.35'^10'cos.    9-91248 

-===  594     nat.  number.     2  77386 

merzen.  dist.      12*53'  5l''N.    nat  cos,    974771 
0*8  dedin.  ...     22     16       6N. 

latitude 35      9    57N. 


Examples  for  Exercise. 

1. — 1852,  July  5,  p.m.  at  ship,  latitude  by  account  15**  27'S.  longitude 
89**  30'W,  the  obs.  alt.  O  5V  20',  eye  at  16  feet,  time  by  watch 
5h-  43m.  20s.  its  error  on  apparent  time  at  ship  found  previously , 
5h.  22m.  10s.  fast ;  since  the  error  was  found  the  ship  made  25'  dm. 
of  long,  to  westward ;  required  the  latitude? 

Answer.— 15*  26 'S. 

2. — 1852,  August  12,  a.m.  at  ship,  lat.  by  account  39**  16'S.  long. 
156°  25'E.  the  obs.  alt.  O  34*^  55'  eye  at  12  feet,  time  by  watdi 
13h.  41m.  25s.  its  error  on  apparent  time  at  ship  found  previously, 
9h.  41m.  8s.  slow,  since  the  error  was  found  the  ship  made  33'  diff.  of 
long,  to  eastward ;  required  the  latitude? 

Answer.— 39*  16'S. 


■ 

*  The  8un'8  declination,  if  corrected  by  the  equation  of  second  differences,  would 
be  22**  16'   7  -6" 

t  When  the  nat»  tine  is  used  to  6  places,  the  indei  of  hp  riring  must  be  increase  i 
by  1,  and  when  to  7  places,  it  must  be  increased  by  2. 
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11)1 


Another^  method, 

Ymi,  the  sun's  true  altitude,  the  sun's  declination  for  the  apparent 
time  of  observation  as  before,  and  convert  the  apparent  time  from  noon 
into  degrees,  minutes,  and  seconds  of  arc,  then  add  together  the  log 
co-sine  of  the  sun's  declination,  the  constant  log.  5*01340,  (which  is  the 
arith.  compL  of  the  log.  of  2  sin.  1'',)  the  log.  co-sine  of  the  approximate 
latitude,  or  latitude  by  account,  the  log.  secant  of  the  true  altitude,  and 
twice  the  log.  sine  of  the  hour  angle  &om  noon ;  the  sum  will  be  the 
log.  of  the  number  of  seconds  of  arc  which  must  be  added  to  the  true 
altitude,  to  give  the  meridian  altitude  of  the  sun ;  from  which  the 
latitude  is  found  as  before  directed. 

The  great  advantages  of  this  method  are,  that  it  gives  the  whole 
correction  by  one  operation,  without  taking  out  natural  smes,  or  natural 
numbers,  except  the  one  natural  number  at  the  close  of  the  operation, 
and  that  it  requires  no  other  tables  than  the  ordinary  ones  of  logs,  sines, 
tangents,  secants,  &c. 

The  same  directions  and  remarks  as  to  limits,  which  have  been  given 
with  respect  to  thafirst  method,  apply  equally  to  this  method. 

Example  1,  page  190,  worked  by  the  2nd.  method. 


0'fl  declin.     -    - 
bt  by  aotount     - 

-  -    22*  16'  6" 

-  -     35     10    0 

-  -      -      COS. 

-  -      -      COS- 

-  -     -    sec. 
constant  log. 

-  -     -    sin. 
again     •    - 

nat.  number' 

9  -96634 
9-91248 

0  -64631 
5  01340 
8-69795") 
8  -59795  ) 

» 2 -73443 

arith.  oompl.  •>    - 
mend.  dist. 

OOTTCCtMnn 

-     -     2  Bin.  1^       - 

-  -       2     16  15 

-  •    542-6'' 

zenitfa  dktanoe  -     - 

9   •3'* 
.     13    2  56 

mer.  lenith  distance 
O'i  declin.  -     -     - 

-  12  53  53 N. 

-  22  16    6N. 

ktitwl*        -     -     • 

-     35    9  59  N. 

A  Third  Method. 

In  which  the  sun's  ojnmuth  from  the  meridian  is  given  instead  of  the 
hour  from  noon. 

RuLB. — ^Add  together  the  log*,  secant  of  the  declination,  the  constant 
W,  5*01340,  the  log.  co-sine  m  the  latitude  by  account,  the  log.  co-sine 
ortiie  true  altitude,  and  the  log.  sine  of  the  azimuth,  twice  taken  as 
above ;  the  sum  as  before  will  be  the  log.  of  the  number  of  secondb  of 
arc,  to  be  added  to  the  altitude  at  the  time  of  observation,  or  subtracted 
from  the  zenith  distatice,  to  give  the  meridian  altitude,  or  the  meridian 
zenitfi  distance. 
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In  order  to  apply  this  method  to  the  forgoing  example,  we  shall 
compute  the  aamnth  corresponding  to  the  time,  9m.  5s.  before  noon,  (see 
worKed  example,  page  190.) 


To  compute  the  azimuth. 


trve  Mnitb  dutanoe. 13**     2'  56' • 

hour  angle 2     16     15     Bine 

deciination 22    16      6     


aaunath, 


9  20  47 


0 -646310 
a '597949 
9  966339 

9  -210598 


Then  to  find  the  correction  of  the  zenith  distance. 


0'i  dedinatum 239  16'     6" 

aritfa.  oompL  log.  2  sine  1" 

latitude  by  account. ...       35     10      0 

altitnde 76    57      4 

asimadi 9    20    47 


conatant  log. 

COS. 

coi. 


■gun. 


0  03366 
5  01340 
9 -91248 
0-35369 
9  -21060 1 
9-21060/ 


oonectum 542-6''      nat.  number log     2*73443 


senithdiat. 


9   '3 
13    2  56 


merid.  icn.  dist.     12  53  53N. 
O'sdedin 22  16    6N. 

latitnda 35    9  59N.    lame  aa  before. 


This  method  will  be  fomid  useful,  when  the  apparent  time  from  noon 
is  uncertain,  the  sun's  altitude  and  azimuth  being  taken  at  the  same  time, 
either  bv  the  same  observer,  or  by  two  different  observers;  and  although 
one  observer  cannot  take  the  altitude  and  azimuth  at  the  same  instant, 
yet  his  observations,  as  well  as  their  results^  are  more  likely  to  be 
consistent  among  themselves,  than  those  of  different  observers,  with  one 
another.  Besides,  as  a  small  error,  either  in  the  azimuth,  or  in  the 
time  from  noon,  will  scarcely  affect  the  resulting  latitude,  the 
azimuth  may  be  taken  a  mtnute,  or  even  two  minutes,  after  taking  the 
altitude^  witnout  producing  any  material  error  in  the  latitude. 

Ex.  2. — ^On  the  22nd.  of  January,  1852,  in  lat.  48®  SO^N.  and  long. 
5^  15' W.  by  account,  the  altitude  nf  the  sun's  lower  limb  was  found  to 
be  20*  55',  when  his  azimuth,  corrected  for  variation,  was  S.  by  W.  or 
S.  11®  15 'W* ;  required  the  true  meridian  altitude,  the  true  latitude, 
and  the  time  at  ship^  the  height  of  the  observer's  eye  being  26  feet, 
above  the  level  of  the  sea? 

observed  altitnde  of  ©'s  1.1 20«  55'     O*' 

height  of  eye,  26  feet,    d^>,  Tabla  8  . .   . .     —       4    52 

app.  alt.  of  O'bI-1-   •   ••* 20    50      8 

refraction  —  parallax —      2    20 

true  alt.  of  O's  1.1 20    47    48 

0*8  Bemidiaineter,  (N. A.) +      16     16 

true  alt.  of  Q'u  centre 21      4       4 
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The  time  corresponding  to  the  azimuth  11°  15'  will  be 

app.  time  at  ship Oh  44m  37  '3b  P.M. 

differcDoeof  longitadc«5«*  15'W. .    =      +21       0  0 

the  sum  is  the  Greenw.  apptime  of  obs.  =  1       5     37  '3    PM. 

the  0's  dcclin.  for  this  time  is 19°  47'  1 1  'S'^S 

To  compute  the  apparent  thne  at  ship. 

As  co«.  dacUn.  19°  47'  12"  (sec.)  ....  0  026429 

:    8ineob8.az.  11   15     0  (S.bjW.) .  .  9-290236 

: :   COS.  true  alt. 21     4     4 9  '969954 

h.    m.  s.  ■    ■ 

:    sine  hour  Z   11     9  20   9*286619 
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To  find  the  meridian  altitude  and  the  latitude. 

By  the  first  method, 

Kpp.  U  from  noon,  at  ship,  22  Jan.  1852 » 44m  37  '3s.         log  rising. .     4  *27613 

Utitude  by  account      48«  30'     0"N cos 9  -82127 

son's  declin 19     47     12  S cos 9  -97357 

nat. number         11775     log...     4  07097 
sub's  true  alt 21       4       4        nat  sine 359492 

mer  true  zen.  diflt     68     12     22N.    nat.  cos 371267 

son's  decUn 19    47     12  S. 

latitude 48    2&     ION. 


If  this  operation  be  repeated^  substituting  the  cosine  of  48®  25'  10"  for 
cosine  48®  30'  above,  the  resulting  correcle^  latitude  will  be  48^25 '6"N. 
and  will  be  exceedingly  near  the  true  latitude^  as  would  appear  evident 
were  the  computation  made  upon  the  strict  principles  of  Spherical 
Trigonometry^  and  independently  of  any  assumed  latitude^  or  latitude 
by  accoimt. 

By  the  second  and  third  methods, 
second  method  {app.  time  given,)         third  method  (azim.giveii,) 


O's  dedin 19**  47'   12''S. 

arith.  comp.     log.    2  sin.  1^. . .    . 
lat.  by  account ...   48<>  30'     O^'N. 

true  alt 21     4      4 

hourZ  44m37'3S'll     9    20 

again 

nat.  number 2579  -4 


cos.   9-97357     sec.   0*02643 

5-01340     5-01340 

COS.  9-82127     cos.   9-82127 

sec.   0  -03005     cos.  '9  -96995 

Bine  9 -28662 \az.in5'  sin.   9*290241 
sine  9  -28662  J  again    sine  9  29024  J 


•  • .  •    ■ . 


O's  sen*  dist.  ...     68 


42'  59" 
55    56 


log.   3-41153  num.  2579  *4''log.  3-41153 

correction '. .      =     42"  59*^ 

O's  sen.  dist.  . . .     68    55    56 


.     68     12    57  N- 
GXt  dedin 19    47     12S. 


latitade 48    25    45  N. 


merid.  sen:  dist.  .     68     12    57N- 
0'«  declin 19    47     12S. 

latitude 48     25     45N- 
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These  twe  methods  will  be  identical^  and  will  be  a  cheek  upon  one 
another^  whenever  the  time  is  correctly  computed  from  the  azumiik,  or 
the  azimuth  from  the  time,  as  in  the  present  instance.  But  when  both 
are  otherwise  determined,  and  independently  of  eaah  other,  the  latitades 
resulting  from  them  will  probably  seldom  agree ;  but  the  proximity  to 
coincidence,  or  the  non-agreement  of  the  results  wiU  always  be  a  suffi- 
cient test  of  the  quality  of  the  observations,  and  the  accuracy  of  caka- 
latioD. 


Example  for  Exercise. 

1852;  Oct.  12,  in  longitude  4*  40'W.  and  latitude  by  soGomit 
54*  9'N.  the  apparent  zenith  distance  of  a  Aurigse,  (Capella)  near  the 
meridian  was  8o  18'  39'N.  when  the  barometer  stood  at  28*73  inches, 
and  the  thermometer  at  47'  OO' :  the  azimuthal  deviation  of  the  plane  of 
the  instrument  from  the  meridian,  being  l""  57';  required  the  Istitude, 
and  the  place  of  observation  ? 

Answer,— latitude,  54*  8'  57''N. 

Flace,  South  Barule>  Isle  of  Man. 
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ON  FINDING  THE  TIMSS  AND  LONGITUDE. 


BY    OBSERVATION. 


It  has  been  already  remarked  that  the  interyal  of  time  between  two 
succeseiTe  transits  of  the  sun  oyer  the  meridian  of  any  place,  is  called  a 
natural  day,  being  in  fact  the  time  in  which,  by  the  rotation  of  the  earth 
from  west  to  east  on  its  axis,  any  particular  meridian  is  turned  round 
from  the  sun  to  the  sun  agiun ;  and  since  this  revolution  is  performed  at 
a  mean  rate  in  twenty-four  hours,  (which  is  therefore  the  length  of  what 
18  called  a  mean  wlar  day)  and  the  equator  is  divided  into  360  ,  it  follows 
that  thore  must  be  a  revolution  of  15^  of  the  equator  in  one  hour  of 
time,  of  1*  in  four  minutes  of  time,  and  so  on. 

It  is  noon  to  all  places  on  the  meridian  of  Greenwich,  when  that 
meridian  is  brought  immediately  under  the  sun,  at  which  instant  it  will 
be  an  hour  past  noon  or  Ih.  p.m.  at  all  places  on  the  meridian  15**  to 
the  east  of  tnat  of  Greenwich,  and  it  win  want  an  hour  to  noon,  or  be 
lib.  JLM.  at  all  places  on  the  meridian  15**  to  the  west  of  it ;  thetirMcU 
am/ place  beinff  determined  by  the  eun's  arrival  at  the  meridian  of 
that  place, 

J£  the  difference  of  time  between  any  two  places  be  ascertained,  their 
£fference  of  longitude  is  found  by.  converting  this  difference  of  time 
into  degrees,  minutes,  &c.  reckonmg  15*  of  longitude  to  an  hour,  and 
proportionally  for  minutes,  seconds,  &c.  of  tune. 

The  practical  methods  prindpally  resorted  to  for  ascertaining  the 
difference  of  time,  and  thence  the  longitude,  are  the  following : 

By  a  Chnmameter.  If  a  chronometer  be  truly  regulated  to  mean  solar 
time,  and  set  to  the  mean  time  at  Greenwich,  it  will  show  Greenwich 
time  in  all  places  to  which  it  is  carried,  and  the  time  at  any  distant 
place  of  which  the  lon^tude  is  sought,  may  be  found  by  observing  the 
time  of  the  sun's  nassing  the  meridian,  to  which  the  equation  of  time 
being  applied,  will  give  twelve  o'clock,  or  noon,  at  that  place, 

By  comparing  the  mean  time  at  the  place,  found  by  this  or  any  other 
method  proper  for  the  purpose,  with  the  time  shewn  by  the  chronome- 
ter, the  longitude  of  tiie  place  in  time,  will  appear  as  the  error  of  the 
chronometer  on  the  former  time ;  and  this  apparent  error  turned  into 
degrees,  minutes  and  seconds,  will  be  the  longitude  sought,  west  if  the 
chronometer  appear  ,^f,  but  east  if  it  appear  slow  for  the  time  at  that 
place. 

Could  a  chronometer  be  made  which,  under  every  change  of  climate, 
and  other  causes  of  derangement  to  which  such  instruments  are  liable, 
might  still  be  depended  upon  for  shewing  correct  time,  this  mode  of 
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dotermining  the  longitude,  would,  from  its  extreme  facility,  supersede 
all  others ;  but,  notwithstanding  the  great  improvements  that  have  been 
made  in  these  complicated  pieces  of  mechanism — ^the  chronometer,  al- 
though it  may  preserve  its  uniformity  of  rate  during  a  few  hours  or 
oven  days,  still  remains  too  imperfect  an  instrument  to  be  implicitly 
relied  on  in  long  voyages,  and  other  methods  have  accordingly  been 
resorted  to,  for  ascertaining  the  difference  of  time  at  two  distant 
stations. 

Most  of  these  methods  are  purely  sustronomical,  and  depend  upon 
having  the  exact  times  of  all  the  mo^t  remarkable  celestial  phenomena 
for  every  day  in  the  year,  calculated  for  the  meridian  of  Greenwich, 
and  set  down  in  the  Nautical  Almanac,  which  is  published  several  years 
in  advance  for  the  benefit  of  ships  going  long  voyages. 

If,  when  one  of  these  phenomena  is  observed  at  a  distant  place,  the 
time  at  that  place  be  determined  by  observation  or  otherwise,  the 
difference  between  the  latter  time  and  that  at  which  the  same  pheno- 
menon was  calculated  to  take  place  at  Greenwich  and  set  down  m  the 
Nautical  Almanac,  will  also  be  known,  and  consequently  the  longitude 
may  be  easily  found. 

The  celestial  phenomena,  proper  for  determining  the  longitude  arc 
the  ecUpses  of  Jupiter's  sateuites,  the  eclipses  of  the  moon,  the  moon's 
place  in  the  zodiac,  and  the  moon's  distance  from  the  sun,  a  planet  or 
certain  fixed  stars,  which,  from  their  use  in  determining  the  longitude 
at  sea,  are  sometimes  called  nautical  stars.* 

The  eclipses  of  Jupiter's  satellites  are  in  some  respects  preferable  to 
those  of  the  moon  for  finding  the  longitude,  being  less  subject  to 
parallaxes,  and  as  they  are  of  very  frequent  occurrence,  and  are  easily 
observed,  they  are  much  used  for  this  purpose  on  shore,  but  are  not 
available  at  sea,  from  their  being  entirely  telescopic  phenomena, 
rijquiring  the  application  of  instruments  of  much  higher  magnifying 
powers,  than  can  be  employed  on  board  ship. 

Eclipses  of  the  moon  occur  too  seldom  to  be  of  much  general  use  in 
determining  the  longitude,  and  as  the  beginning  or  end  of  an  eclipse  of 
the  moon,  by  reason  of  the  penumbra  which  bounds  the  earth's  shadow, 
cannot  commonly  bo  ascertamed  nearer  than  one,  and  sometimes  two  or 
even  three  minutes  of  time,  the  results  to  bo  obtained  from  them  can 
only  be  regarded  as  approximations  to  the  truth. 

Tlie  moon*s  place  in  tlie  zodiac,  although  a  phenomenon  more  fre- 
quently to  bo  observed  than  her  eclipses,  yet  by  reason  of  two  paral- 
laxes, the  calculus  becomes  too  perplexed  and  intricate  to  be  generally 
practicable. 

The  moons  distances  from  the  sun,  the  planets,  and  certain  fixed  stars 


*  The  ttart  uaccl  for  this  purpose  are  iUdcbaran,  Antares,  aAquilie,  Arietis,  Fomalhaut, 
fiPega«i,  Pollux,  Hfifulus,  and  Spiai  Virginia.  The  planets  whose  distanoea  from  the  mooii 
are  computed,  arc  Venus,  Mart*  Jupiter,  and  Sutum. 
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are  phenomena  which  seem  to  be  more  available  for  the  determination 
of  the  longitude,  than  any  others  that  have  hitherto  been  employed  for 
that  purpose.  The  Nauucal  Almanac  ^yes  the  angular  distance  of  the 
moon's  centre  from  that  of  the  sun,  and  from  the  other  celestial  bodies 
above  mentioned,  for  every  third  hour  of  Greenwich  mean  time,  as  they 
would  appear  to  an  observer  at  the  centre  of  the  earth. 

When  a  lunar  distance  has  been  observed  at  any  distant  place,  and 
reduced  to  the  centre  by  clearing  it  of  refraction  and  parallax,  the 
Nautical  Almanac  enables  us,  by  a  simple  process,  to  find  the  exact 
Greenwich  mean  time,  when  the  objects  would  have  the  same  distance ; 
and  the  interval  between  the  Greenwich  time,  and  the  time  at  the  place 
of  observation,  is  the  longitude  in  time  of  that  place,  which  may  be 
turned  into  degrees,  &c.  as  before  directed. 

Since  the  parallax  and  refraction  of  celestial  objects  vary  with  the 
altitude  of  those  objects,  the  moon's  altitude,  as  seen  from  the  centre, 
being  greater,  and  that  of  any  other  celestial  body  leasy  than  as  seen 
from  the  surface  of  the  earth,  it  is  obvious  that  before  the  true  distance 
can  be  computed,  the  altitudes  of  the  objects  as  well  as  their  apparent 
dutance^  must  be  known. 

Therefore,  in  taking  what  is  technically  called  a  lunar  observation, 
the  altitudes  and  distances  of  the  objects,  are  generally  measured  at  the 
same  instant  by  different  observers,  while  an  assistant  notes  by  a  watch, 
the  time  at  which  the  observations  are  taken. 

A  very  skilful  observer  may  indeed  himself  obtain  both  the  altitudes 
and  distance,  by  taking  the  altitudes  of  the  objects  both  before  and  after 
measuring  the  distance,  noting  carefully  the  time  of  each  observation 
and  then  computing  by  proportion,  from  the  change  of  the  altitudes, 
what  they  must  have  been  at  the  time  of  observing  the  distance ;  this 
method,  however,  ought  certainly  not  to  be  adopted,  when  a  sufficient 
number  of  competent  observers  is  to  be  had. 

It  is  a  very  general  practice,  though  not  in  all  cases  to  be  recom- 
mended, to  take  several  sots  of  observations,  and  make  use  of  a  mean  of 
the  whole  as  a  single  observation. 

From  what  has  now  been  stated  it  will  be  seen  that  two  things,  per- 
fectiy  distinct  in  themselves,  are  essential  in  order  to  obtain  the  true 
longitude.  The  first  is,  to  find  the  time  at  ship,  or  at  any  proposed 
meridian,  and  the  second  is,  to  find  the  time  at  the  same  instant  at 
Oreenmich ;  the  former  of  these  is  found  at  sea,  from  the  observed  alti- 
tude of  the  sun,  a  star,  or  any  other  proper  celestial  object,  and  the 
latter  by  means  of  a  chronometer,  or  by  the  distance  of  the  moon  from 
the  Bim,  a  fixed  star,  &c. 

In  altitudes  used  only  for  determining  the  true  distance,  great  accu- 
racy is  not  requisite,  but  altitudes  employed  for  compiitmg  the  time, 
cannot  be  taken  with  too  much  precision  ;  great  care  is  also  necessary 
in  measuring  the   distance,  in  which  an  error  of  1'  will  commonly 


198  ASTmOMOMT. 

produce  a  mistake  of  2m.  of  time,  or  about  i  a  degree  in  the  lon^tode 
deduced  from  it 

FINDmO  THE  TIME  AT  SHIP  OR  AKT  GIVEN  MBRmiAV. 

Tofimd  the  appoFent  and  mean  time  atehipar  place  of  observation 
and  thence  to  deduce  the  error  of  the  watch  or  chronometer  by  an  cUti- 
twie  qftheeun,  having  the  laiiiude  of  the  place^  and  the  estimatei 
time  and  longitude  given. 

Bulb, — ^From  the  obaerred  altitude  of  the  sun's  lower  limb  subtract 
the  dip  (T.  8)  and  tiie  correction  of  tiie  sun's  apparent  altitude,  (T.  13) 
To  the  remainder  add  the  sun's  semidiameter  taken  from  p.  II.  of  the 
month  in  the  Nautical  Almanac,  the  sum  will  be  the  .true  altitude  of  the 
sun's  centre.*  (page  168) 

With  the  estimated  mean  time  and  longitude,  find  the  corresponding 
time  at  Greenwich,  by  the  rule  already  given  for  that  purpose,  in 
page  160. — Or, 

The  Greenwich  mean  time  may  be  found  by  a  chronometer  whose 
error  for  that  meridian  is  known. 

From  p.  II.  of  the  month  in  the  Nautical  Almanac,  take  out  the  son's 
declination  for  the  preceding  noon,  and  correct  it  for  Greenwich  mean 
time  by  T.  31,  or  by  the  difference  for  1  hour,  taken  from  p.  I.  of  the 
month,  in  the  Nautical  Almanac. 

If  the  latitude  and  declination  are  of  the  same  name,  subtract  the 
latter  from  90**,  but  add  it  to  90"  if  they  are  of  contrary  names, — the 
sum  or  remainder  will  be  the  sun's  polar  distance. 

Take  out  the  equation  of  time  from  page  II.  of  the  month,  in  the 
Nautical  Almanac,  and  reduce  it  to  Greenwich  time  by  the  difference 
for  1  hour,  taken  from  the  column  in  page  I.  Then  proceed  as  fol- 
lows: 

Add  together  the  sun's  true  altitude;  his  polar  distance  and  the 
latitude  of  the  place  of  observation.  Take  half  the  sum  and  find  the 
difference  between  this  half  sum  and  the  sun's  true  altitude,  and  call  it 
the  retnainder. 

Then  add  together —  The  co-secant  of  the  polar  distance. 

The  secant  of  the  latitude. 
The  co-sine  of  tiie  half  sum. 
The  sine  of  the  remainder, 

The  sum  of  these  four  logarithms,  rejecting  tens  in  the  index,  will  be 
the  log.  (T.  33.)  answering  to  the  sun's  distance  from  the  meridian,  or 
to  the  apparent  time  from  the  nearest  noon,  which  will  therefore  be  the 
apparent  time  at  ship,  if  the  observation  be  made  in  the  afternoon ;  but 

*  The  correction  for  dip,  refraction,  and  semidiameter,  may  be  taken  at  onoe,  (bnt  with 
less  accuracy,)  from  T.  14.  See,  bowerer,  the  observation  immediately  preceding  the  rale 
fbr  finding  tiie  time. 
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if  in  <h«  foreDoon,  its  oomplefeient  to  24  hours  w31  be  the  apparent 
time  Irom  the  weeedAna  noon. 


To  the  apparent  time  thns  founds  apply  the  reduced  equation  of  tune 
by  addition  or  subtraction  asdirected  at  the  head  of  its  column  in  the 
Nautical  Almanac,  and  the  sum  or  remainder  ?nll  be  the  mean  time,  at 
tbe  ship  or  place  of  observation.  Thus,  the  error  of  the  watch  or 
chronometer  at  the  meri&m  of  the  ship  or  place,  may  be  found  either 
for  appar^it  or  mean  time. 

1.  If  sereral  altitudes  of  the  sun's  limb  be  taken,  and  the 
oorresponding  times  per  watch,  be  duly  noted,  then  the  sum  of 
the  altitudes  and  that  of  the  times  being  each  divided  by  the  number 
of  observations,  will  give  the  mean  of  the  altitudes  and  of  the 
times. 

Aa  the  computed  time  will  be  least  affected  by  any  error  in  the 
observatkm,  when  the  azimuth  at  the  time  of  taking  the  altitudes  is  90^ 
the  sun  or  object,  whose  altitude  is  taken  for  the  time,  should  be  as  near 
the  east  or  west  as  possible,  andshould  at  any  rate  be  considerably 
distant  firom  the  meridian. 

JSxan^le  1.— 1852,  September  30,  jlm.  at  ship,  in  latitude  41*  I5'S. 
with  the  following  altitudes,  O,  eye  at  15  feet,  and  times  by  chrono- 
meter, its  error  for  mean  time  Greenwich,  38m  36s.  fast ;  required  the 
mean  time  at  ship,  and  error  of  chronometer  for  apparent  time  at  ship  i 
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Ex.  2. — 1852,  October  25,  p.m.  at  ship,  in  latitude  15<>  35'N.  with 
the  foOowing  altitudes  of  the  O,  eye  at  15,  and  times  by  chronometer,  its 
error  for  mean  time  Greenwich  bcang  23m.  306.  slow,  required  the  mean 
time  at  ship,  and  error  of  chronometer  for  apparent  time  at  ship. 

fame  obt.  alt-  O's  1. 1 33  "^  9'  45' 

tiflMB  by  chron 5    40    46  33     5      0 

41     18  33     0      0 

41     41  — 

3  )17       3     45  3  )99  14     45 

^^«^ *    \\  \l  tfaemom 33    4     55 

«™r»«l<>^ -^   ^  30  dip.  T.8 —    3     42 

mean  time  Greenwich. 6      4  45  __^ — 

■■  33    1     13 

»»    ^T  «  «e     K«  Ao  snn'toor.  T.13 —    1     20 

eqiL.  time,  p-IIp  N.A.  . . .      Idm  51  •Ooi  ,^_.^— 

diiT.  •253x6k.5m +     1 '52  32    59    53 

red.  eqoa.  time —  15     53  semidiam.  p.  II,  NJl. ...      -1-16       7 

true  alt 33     16 

O'sdecp-II 12«  15'  5rS.  _-_= 

dilf.  51  •34*' X  6h.5m. .    «    4-       5     12 

red.dec 12    21 

90 

polar  diftanoe 102    21 

0*8  true  alt 33  16 

polar  distonce 102  21  oo««...  -01017 

latitude 15  35  see.   ...  "01626 

amn 151  12 

halfsnm 75  36  cos.  ...  9 '39566 

remainder 42  20  sine....  9*82830 

ap.time ship,  P.M.    3h  19m 38i log  T.  33,  9 '25039     ....    -«  3h  19m 38s 

time  by  chron 5    41     15  rtd.  eqna.  time. . .  —    16    53 

chr.fast  on  ap.t.ahip  2    21     37  ^ean  time  ship  . .  "s      3    45 


Examples  for  Exercise. 
1. — May  14,  (civil  time)  1852,  being  a.m.  at  ship,  in  latitude  43"*  4(/N. 
the  observed  altitude  of  O  being  38^59'  4(r,  index  error  2'  l(y  to  add, 
height  of  eye  17  feet,  time  by  chronometer  5h.  15m.  30s.p.m.  the  chro- 
nometer was  Ih.  38m.  508.  slow  for  mean  time  at  Greenwich,  on  March 
25,  at  noon,  and  gaining  daily  6'25s. ;  required  the  apparent  and  mean 
time  at  ship  ? 

Answer. — ^Apparent  time  20**  26"  59* 

mean  time  20    23       5 
chronometer  fast  for  mean  time  at  ship  10    26       1 
2. — ^March  12, 1852,  p.m  at  ship,  latitude  48^48 'S.  the  mean  of  several 
observed  altitudes  of  G  16*  40'   40"—  index  error  3'  lO'',  eye  18  feet, 
mean  of  times  by  chronometer  23h.  50m.  25s.  March  11,  the  chrono- 
meter was  10m.  10*25s.  slow  for  mean  time  at  Greenwich,  on  the  noon 
of  February  2,  and  gaining  daily  3*75s. ;  required  apparent  and  mean 
time  at  ship,  as  weU  as  the  error  of  chronometer  for  mean  time  at  ship. 
Answer. — Apparent  time  at  ship  4^  30"  56'  p.m. 

mean  time  at  ship  4     40     47  p.m. 
chronometer  slow  for  mean  time  at  ship  4     42     38 
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*riME    BY    FIXED    STARS,    PLANETS    OR    MOON. 

To  find  the  mean  time  at  ship  or  place  of  observation,  and  tlience  the  error 
c/  the  chronometer,  by  an  altitude  of  a  fixed  star,  planet  or  the  moon,  having 
the  error  of  the  chronometer  on  Greenwich  mean  time  given,  together  with 
the  latitude  of  the  place. 

Rule. — ^With  the  given  time  by  chronometer,  find  the  mean  time  at 
Greenwich,  as  before  directed,  and  apply  the  index  error,  to  the  observed 
altitudes. 

For  a  star, — from  the  observed  altitude  subtract  the  dip,  Table  8,  and 
refraction.  Table  7>  the  remainder  will  be  the  starts  true  altitude. 

For  a  planet, — ^proceed  as  for  the  sub,  page  174. 

For  the  moon, — from  the  observed  altitude  subtract  the  dip,  then  if 
the  lower  limb  is  observed,  add  the  augmented  semidiameter  taken  from 
the  N.A.  but  if  the  upper  limb,  subtract  it.  With  the  horizontal  paral- 
lax found  in  the  N.A.  find  the  correction  in  Table  24,  and  add  it  to  the 
i«pparent  altitude. 

From  page  ii  of  the  month  in  the  Nautical  Almanac  take  out  the  sun's 
laean  right  ascension,  (which  at  mean  noon  is  the  same  as  the  sidereal 
time)  and  reduce  it  to  Greenwich  time,  by  the  constant  differences  in 
Table  43,<aken  from  the  N  A. 

From  the  N.A.  take  the  right  ascension  and  declination  of  the  given 
heavenly  body,  and  with  the  declination  find  its  polar  distance. 

The  right  ascension  and  declination  of  the  star  may  be  taken  from 
Table  12,  and  reduced  to  the  given  year  and  month. 

By  the  rule  given  in  the  preceding  problem  find  the  hour  angle,  or 
distance  from  the  meridian,  of  the  object. 

Then,  if  the  heavenly  bod^  be  west  of  the  meridian,  add  together  its 
hour  angle  and  right  ascension,  but  subtract  the  hour  angle,  if  east  of 
the  meridian ;  the  sum  or  remainder  will  be  the  sidereal  time  at  ship, 
formerly  called  the  right  ascension  of  the  meridian. 

From  the  sidereal  time  at  ship,  increased  by  24h.  if  necessary,  sub- 
tract the  sun's  reduced  mean  right  ascension,  and  the  remainder  will  be 
the  mean  time  at  ship ;  whence  is  deduced  the  error  of  the  chronometer, 
as  before. 
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Example  1. — 1852,  February  7»  p-m*  at  ship,  in  lalitade  38°  4oN. 
with  the  observed  altitude,  (_  east  of  meridian  30*  51'  index  error — 12^ 
eye  at  14  feet,  time  by  chronometer  Jd.  15h,  18m.  506,  its  error  for 
mean  time  Greenwich  15m.  lOs.  slow ;  required  the  mean  time  at  ship, 
and  the  error  of  chronometer  for  mean  time  at  ship. 
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Example  2. — 1852,  December  7,  a.m.  at  ship,  in  latitude  44«  48'S. 
mth  the  observed  altitude  of  Aldebaran  west  of  meridian  34"*  20^,  index 
error  +20",  eye  at  17  feet,  time  by  chronometer  6d,  16h.  4m.  22s.  its 
error  for  mean  time  Greenwich  43m.  22s.  fast ;  required  the  meantime 
at  ship,  and  the  error  of  chronometer  on  mean  time  at  ship. 
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ExcmpUafoT  Exercise. 

1, 1852,  November  30,  p.m.  at  ship,  in  latitude  48*  9'S.  with  the 

obseryed  altitude  of  Sinus  east  of  meridian  34'*  19',  index  error  —10", 
eye  at  13  feet,  time  by  chronometer  30d.  5h.  40m.  41s.  ite  error  for 
mean  time  Greenwich  13m.  198.  slow  ;  required  the  meantime  at  ship, 
and  the  error  of  chronometer  for  mean  time  at  ship  ? 

Answer, — ^Mean  time  at  ship  lOh.  12m.  42s. 

error  of  chronometer,  4    32        1  slow 

2. — 1852,  January  27,  a.m.  at  ship,  in  latitude  42o  ll'N.  with  the 
observed  altitude  of  Mars  west  of  meridian  45*  29',  index  error  + 18^ 
eye  at  22  feet,  tune  by  chronometer  27d.  Ih.  42m.  18s.  its  error  for 
mean  time  Greenwich  20m  18s.  fast ;  required  tiie  mean  time  at  ship, 
and  the  error  of  chronometer  for  mean  time  at  ship. 

Answer. — ^Mean  time  at  ship^  26d.  15h.  19m.  20s. 

error  of  chronometer  10    22      58  fast. 


To  find  the  mean  time  at  ship  by  the  altitude  of  a  planet,  indepen- 
dent of  right  ascension  and  equation  oftims. 

RuLB.— Reduce  the  declination  and  meridian  passage  of  the  planet  to 
the  meridian  of  the  ship,  and  find  its  polar  distance,  then  with  the  planet's 
true  altitude,  polar  distance  and  the  latitude  in,  find  its  distance  from 
the  meridian ;  then  say,  as  24h.  is  to  the  daily  difference  of  the  planet's 
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meridional  passage,  so  is  the  hour  angle,  to  a  correction,  to  be  addod  to 
the  hour  angle,  if  the  planet  is  receding  firom  the  meridian,  but  sub- 
tracted from  it,  if  the  planet  is  approaching  the  meridian ;  and  the  sum 
or  difference  will  give  the  mean  time  from  the  meridian ;  hence  the 
mean  time  of  observation  is  known. 

The  sum  of  the  meridional  distance  and  the  meridional  passage 
tiijUD,  will  be  the  mean  time  of  observation ,  when  the  planet  is 
w^HHr  the  meridian,  but  their  difference,  when  it  is  east  of  the 
meridian. 


TO    FIND    THE   ERROR    OF  A    WATCH    OR    CHRONOMEVEB. 

By  equal  altitudes  of  the  sttn. 

In  the  morning,  when  the  sun  is  qa  nearly  as  possible  in  the  prime 
vertical,  or  in  any  case  when  he  is  not  less  than  two  or  three  noun 
distance  from  the  meridian,  let  several  altitudes  of  his  upper  or  loiver 
limb  bo  taken,  noting  the  corresponding  times  (per  watch)  since  the 
prec4ding  noon.  In  the  afternoon  of  the  same  day,  observe  the  instant 
when  the  same  limb  of  the  sun,  which  was  taken  in  the  morning,  comes 
to  the  same  altitudes,  writing  down  each  time,  opposite  to  its  rcspeeivc 
altitude,  observing  that  the  afternoon  times  are  to  be  reckoned  from  the 
noon  of  the  same  date  as  those  taken  in  the  morning. 

Take  the  means  of  the  morning  and  of  the  afternoon  times,  add  them 
together,  and  half  their  sum  will  be  the  middle  time  between  the  obser- 
vations, or  approximate  tune  of  noon  per  watch;  take  also  their 
difference,  which  will  be  the  interval  of  time  between  the  observa- 
tions. 

The  Equation  of  Equal  Altitudes  is  a  correction  for  the  change  of 
the  sun's  declination,  to  be  applied  to  the  middle  time  between  the 
instants,  at  wliich  the  sun,  as  shown  by  a  chronometer  on  ftoy  given 
day,  has  equal  altitudes,  in  order  to  find  by  the  chronometer  when  he 
is  upon  the  meridian.  To  compute  this  correction  observe  the  fol- 
lowing 

Bulb. — To  the  co- tangent  of  the  latitude  add  the  co-sine  of  half  the 
interval  (in  degrees  &c.)  between  the  times  of  observation,  and  thesuuit 
rejecting  ten  from  the  index,  will  be  the  tangent  of  arc  first,  the  dif- 
ference between  which  and  the  polar  distance,  (found  as  usual  fipora  tho 
latitude  of  the  place  and  the  sun's  declination,)  will  be  arc  second. 

Then  add  together — 

Tlic  co-tangent  of  the  same  half  interval. 

Tfio  ru-sccant  of  arc  first, 

The  co-secant  of  the  polar  distance, 
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The  fidne  of  arc  second, 
and 

The  log.  of  one-llurtieth  of  the  seconds  in  the  sun's 
change  of  declination,  in  the  interval  between  the 
obseryations. 

The  sum  of  these  logs,  rejecting  the  tens  from  the  index,  will  betho 
logarithm  of  the  seconds  of  time,  m  the  equation  of  equal  altituc'  "^"^ 


Haying  computed  the  equation  of  equal  altitudes,  add  it  to  the  middle 
time,  if  uie  polar  distance  is  increasing,  but  subtract  it  from  that  time  if 
decreaedng,  and  the  result  will  be  the  time  shown  by  the  watch  or 
chronometer,  at  apparent  noon,  and  the  difference  between  that  time 
and  twenty-four  hours,  will  be  the  error  of  the  chronometer  for  apparent 
time,  at  the  place  of  observation. 

To  find  its  error  for  mean  time,  either  at  the  place  of  observation,  or 
at  Greenwich,  reduce  the  equation  of  time  to  the  given  meridian :  then 
add  it  to,  or  subtract  it  from  twenty-four  hours,  as  directed  at  the  head 
of  its  column  in,  the  Nautical  Almanac,  and  the  result  will  be  the  mean 
time  when  it  is  apparent  noon  at  the  place  of  observation,  to  which  apply 
the  longitude  of  the  place  in  time,  adding  it  if  west,  and  subtracting  it 
if  east,  and  the  result  will  be  the  mean  time  at  Greenwich,  when  it  is 
-apparent  noon  at  the  given  place.  Hence  the  difference  between'  the 
middle  time,  corrected  for  the  equation  of  equal  altitudes,  and  the  mean 
time  at  the  place  when  it  is  apparent  noon,  will  be  the  error  of  the 
chronometer  for  mean  time  at  the  place  of  observation. 

In  taking  out  the  logarithms,  from  the  sum  of  which  the  final  result 
is  obtained,  four  places  of  decimals  only  are  required ;  ndther  is  it 
requisite  that  the  latitude  of  the  place,  or  the  value  of  the  sun's  decli- 
nation be  very  accurately  determined,  as  these  elements  are  only  em- 
ployed in  obtsdning  the  polar  distance,  which  may  be  deduced  from 
the  declination  to  the  nearest  noon,  without  producing  any  error  of  con- 
sequence. 

Though  altitudes  taken  by  means  of  the  marine  horizon,  are  generally 
sufficiently  correct  for  finding  the  longitude  at  sea,  yet,  owing  to  tho 
effect  of  atmospherical  haze,  &c.  upon  the  sea  horizon,  whereby  it  fre- 
quently become  broken  or  ill  defined,  such  altitudes  are  commonly  sub- 
ject to  some  degree  of  uncertainty,  which  renders  them  unfit  for  ascer- 
taining the  error  of  a  watch  or  chronometer,  for  this  purpose  therefore 
the  obelervations  ought  always  to  be  made  on  shore,  wnere  the  altitudes 
may  be  taken  with  a  sextant  by  means  of  an  artificial  horizon,  and  tho 
corresponding  times  ascertained  with  the  greatest  exactness ;  and  in 
tiking  equal  altitudes  of  the  sun,  it  will  be  advisable  for  the  observer, 
to  fix  the  index  of  his  sextant  to  some  particular  division  on  the  arc, 
and  then  wait  till  the  contact  of  the  images  takes  place. 

Example.— IS52,  April  20,  in  latitude  32**  22'N.  longitude  64'  33' W 
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required  the  error  of  chronometer  for  mean  nooiip  the  sun  having  equal 
altitudes  a^.  and  pjf.  with  the  following  times  bj  chronometer. 

A.M Oh  51m426     Q'l  red.  dec 11*  41'N  diff.  Ih.  N.A.        50-96'' 

P.M 7    12    18       polar  distance...  78    19  x6-20 

305  -76 

red  eqn.  time  •  •  •  •     Im  158  16*98 

—  from  app.  time  

3,0)  32,2 


Interval .... 

6    20 

36 

half. 

3    10 

18 

middle  time  . 

4      2 

0 

10-7 

latitude 32<>  22'  ootan -1980 

halfinterval ^7    34  qos 9-8291  cotan 9*9610 

arcl 46    47  tan 10*0271  coaee 0*1374 

polar  distance. ...     78     19  coeee 0  *0091 

«[c2 31    32 gine 9.7195 

-jjj  change  dec 10-7  ,, log 1*0294 

equ.  equal  altitudes  . .   —  7s  p.  d.  dec* log —0-8554 

middle  time 4h  2    0  *"""""" 


chron.  fiut 4    1  53    for  app.  noon 24h  OmOs 

===  equation  of  time 1  15 

mean  time  at  app.  noon 23  58  45 

dironometer  +  24h 28     1  53 


chronometer  &st  for  mean  noon 4    3    8 

*  ■ 

Examples  for  Exercise. 

1.— March  9,  1852,  in  latitude  36°  24'S.  and  lonsitude  Sff"  32' W. 
the  mean  of  several  times  shewn  by  a  chronometer,  when  corresponding 
altitudes  of  the  sun's  lower  limb  were  taken  in  the  morning,  was 
8h.  42m.  9s.  and  the  mean  of  the  times  corresponding  to  the  same 
altitudes  taken  in  the  afternoon,  was  3h.  17m.  IBs. ;  required  the  error 
of  chronometer  for  mean  noon  at  place  of  observation  f 

Answer. — Chronometer  slow  for  mean  noon.  Oh.  10m.  4  Is. 

2. — Decembers,  1852,  civil  time,  in  latitude  48''  12'N.  and  longitude 
72*  43'E.  the  mean  of  several  times  shewn  by  a  chronometer,  when 
corresponding  altitudes  of  the  sun's  lower  limb  were  observed  in  the 
morning  was  22h.  50m.  13s.  and  the  mean  of  the  times  corresponding 
to  the  same  altitudes,  taken  in  the  afternoon,  was  2h.  57tn,  31s, :  re- 
quired the  error  of  the  chronometer  for  mean  noon  at  the  place  of  obser- 
vation. 

Answer. — Chronometer  fast  for  mean  noon,  Ih.  2m.  278. 

It  is  sometimes  found  convenient  to  take  equal  altitudes,  in  the  after- 
noon and  in  the  following  morning,  in  which  case,  the  mean  of  the  times 
will  be  the  time  of  the  intermediate  midnight,  or  instant  per  watch  (un- 
corrected) when  the  oppoedte  meridian  was  directed  to  the  sun,  to  this 
time,  therefore,  the  equation  of  equal  altitudes  is  to  be  applied  with  a 
contrary  sign. 
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ON  FINDING  THE  RATES  OF    CHBOHOHETERS 

If  the  errors  of  a  chronometer  be  foundas  above,  at  a  given  place,  on 
different  days,  snffidently  distant  from  each  other,  its  daily  rate  may 
thence  be  readily  deducra  upon  the  ajssumption  of  an  uniform  motion, 
during  die  intervening  period ;  thus,  if  the  chronometer  be  found  too 
fjBUtt  at  the  time  of  observation,  and  the  error  increasing,  the  instrument 
iriQ  obviously  be  gaining  on  mean  time,  but  if  decreasing  it  wUl  be 
losing  on  mean  time. 

If  the  chronometer  be  too  slow  at  the  time  of  the  first  observation,  and 
the  error  increasing,  the  instrument  will  be  losing  on  mean  time,  but  if 
decreasing  it  will  be  gaining  on  mean  time ;  for  instance,  if  on  a  given 
day  a  chronometer  be  14s.  fast,  and  at  the  end  of  15  davs  60*58.  fast 
on  mean  time  at  any  place,  it  has  evidently  gained  46'5s.  m  15  days,  or 
its  rate  is  about  3'ls.  per  day  gaining. 

Suppose  on  a  given  day,  a  chronometer  is  found,  by  observation,  to  be 
25a.  fast,  and  at  the  end  of  10  d.  208.  slow,  its  daily  rate  is  4*58.  losing. 
Hence  the  rate  of  a  chronometer,  is  the  quotient  of  the  total  gain  or  loss 
of  the  instrument,  during  the  interval  between  observations,  divided  by 
the  number  of  days,  of  wUch  the  interval  consists. 

Observations  for  the  purpose  of  determining  the  rate  of  the  chrono- 
meter, in  order  to  prove  the  regularity  of  its  going,  should  be  made 
as  often  as  convenient,  for  which  purpose  the  following  is  a  very  easy 
method. 

To  find  the  rate  of  a  chronometer,  withmU  reference  to  its  error,  by  equal 
aliitudes  of  the  samefiaed  star,  observed  at  the  someplace,  and  on  the  same 
"  of  the  meridian,  ondifferent  nights. 


Rule. — ^Multiply  3'  55''*91*  by  the  number  of  days  between  the 
observations,  and  subtract  the  product  from  the  time  of  the  first  obser- 
vation ;  divide  the  difference  between  the  remainder  and  the  time  of  the 
last  observation,  by  the  number  of  days,  and  the  quotient  is  the  rate, 
gaining,  if  the  remainder  be  less  than  the  time  of  the  last  observation, 
but  losing  if  more. 

Example. — Suppose  on  May  4,  at  lOh.  15m.  26b.  and  on  May  12,  at 
9h.  43m.  38s.  a  star  on  the  same  side  of  the  meridian  had  equal  altitudes; 
required  the  rate  of  the  chronometer. 

lOlk  15"*  2S*       Ant  obiemition 
3'  ib"  -91  X  8  days    -  SI     27-28  reduction 

9    43    58*72  lemuiidv 

9    43    38        lecoiid  obgeyration 

8  )  20  '72 

2  -59  loong  ddly 


^  The  dafly  aooelenitioii  of  the  Fixed  Stan  on  mem  time. 
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TO    FIND    THE    LONGITUDE, 
BY     CHRONOMETERS. 

The  preceding  rules  for  finding  the  time  at  ship,  and  the  error  and 
rate  of  a  chronometer  being  thoroughly  understood,  will  render  the 
method  of  determining  the  longitude  by  that  instrument,  according  to 
the  following  directions,  a  matter  of  little  or  no  difficulty. 

Rule. — Let  an  altitude,  or  rather  let  several  altitudes  of  the  sun  or 
other  celestial  object  be  observed  when  it  bears  as  nearly  east  or  west  as 
possible,  but  certainly  not  less  than  three  hours  distant  from  the  meri- 
dian, noting  down  by  chronometer  the  corresponding  times ;  of  these 
altitudes  and  times,  take  the  means  respectively. 

To  the  mean  of  the  times  of  observation,  apply  the  original  error  of 
the  chronometer,  by  addition  or  subtraction,  according  as  it  was  slow 
or  fast  for  mean  time  at  the  meridian  of  Greenwich,  or  of  the  place 
where  its  rate  was  last  ascertained. 

Multiply  the  daily  rate  by  the  number  of  days,  and  parts  of  «  day 
that  have  elapsed  since  the  error  was  last  determined,  and  add  the 
product,  (which  may  be  called  the  accumulated  error^  to  the  above 
corrected  time,  if  the  chronometer  was  losing,  bnt  subtract  it,  if  it  was 
gaining,  the  result  will  be  the  mean  time  for  the  meridian  of  the  place 
at  which  the  original  error  and  rate  were  last  found. 

If  the  meridian  be  any  other  than  that  of  Greenwich,  then  add  the 
longitude  of  the  place  in  time,  if  it  be  west,  but  subtract  it  if  east,  and 
the  sum  or  remainder  will  be  the  mean  time  at  Greenwich,  by  the  chro- 
nometer. 

Take  out  the  equation  of  time  for  the  preceding  noon,  from  page  II 
of  the  month,  in  the  Nautical  Almanac,  and  the  sun's  declination,  from 

I)age  II  of  the  same,  and  reduce  them  to  Greenwich  time,  also  from  the 
atter,  find  the  sun's  polar  distance. 

» Then  with  the  true  altitude  of  the  celestial  object,  the  polar  distance, 
and  the  latitude  of  the  place  of  observation,  find  the  mean  time  at  that 
place  by  the  rules  already  given  for  that  purpose;  the  difference  between 
which  and  the  mean- time  at  Greenwich,  will  be  the  longitude  of  the 
ship  or  place  of  observation  in  time,  east  if  the  time  at  the  place  of 
observation  be  greater  than  the  time  at  Greenwich,  but  west  if  it 
be  less. 

Example  1. — November  9,  1852,  a.m.  at  ship,  in  latitude  10"  6'N. 
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with  the  foBowing  observed  altitudes  ^  at  10  feet,  apd  times  by  chro- 
nometer^ slow  22m.  19s.  for  mean  time  Greenwich^  July  Slst,  and 
gainiiig  daily  4'Sb.  ;  requir#d  the  longitude. 


times  by  chnm. 


8d461i  12m  178 

12  42 

13  13 


3)    • 


38     12 


mean  vf  times 8     16     12    44 

slow,  JnlySl +         22    19 


lOOd.  X  49.8p.  p.  fori        !!^    ^8      I 

os*  J 


16h. 


mean  time  Greenwich .. .  8     16    27 
before  noon  of  9th 


7    33 


equa.  time  N.  A.  p.ll 15    58    87 

£ir. -221x7*33 +       1     70 


rad.  eqva.  time. 


16 


true  alt 37?  l9' 

polar  distnioe 

latitade 


'^H . 


^  154  -20 

halfsam •».     77    10 

remainder 39    51 


log.  (T.33)  hour  angle... .».       3h    3m 

app.  time  ship 20    57 

eqiia.tim0« -i.    16 


mean  time  ship 20    41 

mean  time  Greenwich 16  ,27 

longitude 4     14 


O's  1.1. 


37°  3'  0" 
6  50 
11  10 


3)        21 


meanof  alts..  • 37      7 

dip.3'2''cor.  (T.13)l'  g''     —      4  11 


37     2  49 
semd.  N.A +   I6II 


true  alt 37  19 


dec  N.A.  p.  II 170    Q/  22"S 

diff.  43*^  X  7  -33 —      5     24 

16    55 

90 

polar  distance. . .   106    55 


co.8ec.    0  '01921    ^ 
sec  . •     0  00678 


cos...     9*34658 
sine..     9*80671 


...   9-17928 


63«  30'  East. 


1852,  April  3,  p.m.  at  ship,  in  latitude  35°  18'S."with  observed  alti- 
tude 0  31**  12'  eye  at  16  feet,  and  time  by  chronometer  3d.  5h.  28m.  458. 
fast  Ih.  2m.  1 58. for  Port  Praya,  March  3,  and  losing  58.  daily;  required 
the  longitude. 


time  by  cliron. 5h  28m  45s 

bst,  March  3 1       2     15 


rate5fx3ld.4|h. 


4    26    30 
+       2    36 


O's  dec.  p.II.  N.A.. 
diff.  57*15'' x6h3£ 
red.  dec.   -  -  .  •  • 


polar  distance 


5*  28'  57-4"N, 
+     5    45*7 

5    34    43 
W 

95    34     43 


4     29      6 
long.  P^Praya  (p.325; 1    34      4 


mean  time  GreeniVIch 6      3    10 


eqna. time  p.II.  N.A.<-  -  -    3ml4*86s 
diff.  *746  +  6h.3m -.    4-51 


red.  equa.  +  to  a.  t. 


3     10 


V 


27 


210 

obs.  alt.  O's  il 

dip,  16  feet    3'  50"  > 
corr 1     27    J"! 
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semid.  p  II.  N.A. 


polar  distance  . 
latitude.  ...... 


31^  12'  9' 

—  5  17 

31  6  43 

+  16  0 

31  22  43 

95  34  43 

35  18  0 


ram 162    15    26 

halfram 81      7    43 

remainder 49    45 


.     0  -002062 
.     0  -088237 


COS.  ..     9*188132 
sine.  • .     9  -882657 


log.  app.time  (T.33) 2h  59m0s 

equa.  time +     3  10 


9-161088 


mean  time  ship 3      2  10 

mean  time  Greenwich  .......     6      3  10 


Idngitnde 3 


45*  15'  West. 


ExampUsfar  Exercise. 

1.  1852,  May  3,  p.m.  at  ship,  in  latitude  S""  3'N.  with  observed  alti- 
tude AroturuBj  east  of  meridian  44o  6',  at  10  feet,  time  bjr  chronometer 
3d.  3h.  46m.  68.  fast  Ih.  43m.  lOs.  at  Esperitu  Santo,  March  9,  gaining 
3*28.  daily;  required  the  longitude  ? 

Answer.— 55°  15 'E. 

2.  1852,  June  16,  p.m.  at  ship,  in  latitude  Sd"*  12'N.  with  observed 
altitude  Jupiter,  west  of  meridian  27*  50',  index  error  — 10",  at  18  feet, 
time  by  chronometer  16d.  15h.  58m.  5ls.  slow  17m.  4l8.  at  Cronstadt, 
May  15,  gaining  daily  68. ;  required  the  longitude  ? 

Answer.— 30*"  38'W. 

3.  1852,  July  ^,  p.m.  at  ship,  in  latitude  30*  23' S.  with  observed 
altitude  ^  45''  23'  20",  at  19  feet,  time  by  chronometer  31d  14h  39m  34s 
fast  Ih.  2m.  20s.  at  Cape  Town,  July  6,  and  losing  48.  daily  :  required 

the  longitude  ? 

• 

Answer.— 39o  0'  45"W. 


When  several  chronometers  are  on  board,  the  longitude  may  be  dedu- 
ced from  them  all  by  means  of  one  set  of  altitudes,  and  the  correspond- 
ing times  in  the  following  manner. 

Immediately  before  making  the  observations,  let  one  of  the  chrono- 
meters be  compared  with  each  of  the  others,  carefully  noting  their 
differences;  the  mean  of  the  time  shewn  by -the  above  chronometer. 
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when  the  altitudes  are  taken,  is  to  be  applied  to  these  differences^  which 
will  give  the  corresponding  times  by  each  chronometer. 

To  these  times  apply  the  original  and  accumulated  errors  of  the 
mean  times  at  Greenwieh  or  other  meridian^  to  which  the  chronometers 
arp  set^  the  differences  between  which,  and  the  mean  time  at  ship 
deduced  from  the  altitudes,  will  give  the  longitude  according  to  each 
ehronometer. 

Instead  of  noting  the  times  by  one  of  the  chronometers^  a  good  pocket 
watch  shewing  seconds^  may  be  employed  for  that  purpose^  but  in  this 
case  it  will  be  necessary  to  compare  the  watch  with  the  chronometers 
immediately  after  the  observations  are  made,  as  well  as  before  com- 
mencLqg  them ;  and  should  they  not  remain  the  same,  a  proportional 
part  ofthe  change  of  differences  should  be  apphed  to  those  shewn  before 
the  altitudes  were  taken. 

Example. — 1852,  July  24,  a.m.  at  ship,  in  latitude  14^  40'N.  with 
observed  altitude  ©  57*  44'  10'',  at  20  feet,  time  by  chronometer  No.  1546 
23d.  23h.  48m.  41s.  slow  11m.  S3s.  for  mean  noon  Greenwich,  June  18, 
losing  daily  1*38.  No.  1546  being  compared  with  three  other  chronome- 
ters as  in  the  annexed  table,  p.  212 ;  required  the  longitude  by  each 
chronometer,'  brought  on  to  noon,  ship  having  made  6|'  diff.  long*  to 
west,  since  time  of  observation  ? 

time  byehron.  No.l546.  23d  23h  48m  41s      Q's  dec.  N.A.  p.II.  ...     ig""  48'  26''N. 

■low llmSSil   .  |«    Oft  90 

nta  l-3s X  36d.-     47  J  t—HJl.  


mem  time  Gretnwieh . . .  24d 


polar  distance 70    11    34 


Q»gll 570  44'  10^      eq.  t.  +  to  app  time....     6m  lis 

dip,  i'lV'' cor.' 3i\ !'.!.'.     —      4    48  == 


57    39    22 
semid.  N.A« +     15    46 


tniealt.. 57    55      8 

polar  distance  .. .     70    11    34 
latitude 14    40 


cosec. .     0  '026485 
. .     0  014387 


142    46    42 

half  sum 71    23    21 

remainder 13    28    13 


COS.. . .     9  -503980 
sine  ..     9-367245 


log.  rT.33)  hour  angle 2    12    51 


8 -912097 


app.  time  sbip 21    47      9 

eq;iia.time +       6     11 


timeship...  *...     23d  21    53    20 
mean  time  Greenwich .     24d  1      1 


long*  by  No. 1546. 
nm  to  noon,  west 


2      7    41 


31«>  55'  15''West. 
+       6    45 


long  at  noon. 


32 


0  W. 
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1 

1 

■ 
1 

■ 
«       1 

Nc 

L653. 

• 

No.  1070. 

1 

No.  1650. 

1 

Cknmnoftrr  No  lS4f  . 

li 
23 

43 

25 

a 
0 

20 

b 
23 

23 

m 
43 

19 

a 
30 

17 

b      m 
*    23    44 

23    48 

a 
0 

40 

1 

t 

• 

• 

■} 

t. 

• 

•  • 

m  • 

•  • 

•  9 

23 

H 

1 

DiSfrmm x  - ,  -  - 

23 

17 
48 

40 
41 

23 

24 

48 

13 
41 

-¥        4 
23    48 

40 

■ 

41 

21 
18 

39 
20 

19 

45' 

45 

1 

CbroooBcter,  No  1546,  at  tin 
of  Bcan  ahitMle 

1 

WIk^  oTonof  diKmometen . 

23 

31 
30 

1 
13 

23 

24 
36 

28 
20 

23    53 
7 

1 

Mean  time  at  Graaiwicfa,  b] 
efafunomctcr • 

Mean  time  at  iliip,  by  altitndri 

0 
21 

1 
53 

14 
20 

0 
21 

0 
53 

48 
20 

0      0 
21     53 

1 

hong,  in  time,  by  chraas. . . . . 

Long,  of  ship 

Longitade  made  to  dooil.   . .  • . 

2 
31* 

T 

58' 

6 

54 
30^ 

45 

2 
ZV 

31 

7 
•  52' 
6 

28 
0* 
45 

2      7 
31*  49' 
6 

T^mntndfi  at  noon  ......... 

32 
31 
31 
32 

5 
58 
56 

2 

15 

45 

30 

0 

58 

45 

1    31     56 

30 

litmritiiide  br  1070  r-rr 

r,.,^^^-^ 

1 

■ 

1650 

1546 

Mean  lonviinde  at  noon  .  •  * . . 

32 

0 

37 

As  it  is  the  object  of  Lunar  observations,  to  ascertain  at  the  moment  of 
observation,  the  mean  time  at  Greenwich,  the  method  used  at  sea  by 
some  of  our  most  practical  and  experienced  Masters  in  the  Merchant 
Service,  for  that  purpose,  is  both  simple  and  well  calculated  for  use, 
when  there  are  chronometers  on  board.  The  error  of  the  chronometer 
on  Greenwich  mean  time  is  found  at  once,  without  any  regard  to  the 
time  or  change  of  longitude  between  the  observations,  and  having  ascer- 
tained this  error,  the  time  at  ship  can  be  found  at  the  most  convenient 
opportunity  afterwards ;  then  by  allowing  the  rate  of  the  chronometer  on 
the  time  between  the  observations,  the  difference  b«*.tween  the  Greenwich 
time  as  shewn  by  chronometer,  (corrected  for  the  above  error)  and  the 
time  at  ship,  is  the  longitude. 
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To  find  the  true  and  apparent  attitudes  of  the  heavenly  bodies. 

ft 

It  firequently  happens  at  sea^  in  taking  lunar  observations,  that  the 
horixon  is  so  bkdly  aefined,  that  an  opportunity  of  finding  the  longitude 
may  be  lost,  because  the  altitudes  of  the  heavenly  bodies  cannot  be 
obtained,  in  which  case,  it  will  be  necessary  to  compute  the  altitudes, 
which  may  be  done  as  follows. 

The  latitude  and  longitude  of  ike  place  of  observation,  and  the  tqfparent  time 
at  the  place  given,  to  find  the  apparent  altitude  of  the  sun's  centre. 

Bule. — ^Seduce  the  given  apparent  time  at  ship,  to  the  apparent  time 
at  Greenwich,  to  which  reduce  the  sun*s  declination ;  when  the  latitude 
of  the  place  and  the  sun's  declination  are  of  different  names,  take  their 
sum,  if  of  the  same  name,  their  difference,  which  will  be  the  meridian 
senith  distance  of  the  object. 

Take  the  meridional  zenith  distance  from  90**,  and  the  remainder  will 
be  the  meridian  altitude. 

To  the  log.  versed  sine  of  the  apparent  time  from  naon,  add  the  log. 
co-sines  of  tne  latitude  and  the  declination,  their  sum,  rejecting  20  from 
the  index,  will  be  the  log.  of  a  natural  number,  to  be  taken  from  the 
natural  s&e  of  the  meridional  altitude,  the  remainder  will  be  the  natural 
sine  of  the  true  dtitude. 

To  the  sun's  true  altitude  thus  found,  apply  the  corresponding  cor- 
rection, in  Table  13,  for  the  apparent  altitude  of  the  sun's  centre. 

The  sun's  horary  distance  is  always  to  be  expressed  in  apparent  time, 
and  in  determining  the  sun's  altitude  for  any  given  time  before  mid-day, 
it  is  the  difference  between  the  apparent  time  and  24  hours,  that  will 
express  the  horary  distance  from  the  meridian,  as  the  time  is  reckoned 
astronomically  from  the  preceding  noon. 

Example, — ^Required  the  true  and  apparent  altitude  of  the  sun's 
centre,  June  4,  1852,  at  8h.  20m.  128.  a.m.  apparent  time,  in  latitude 
30*  20'S.  longitude  ISO^'E. 

tim«  at  ship,  June  3 20h  20inl28      latitude 30^20'     0"S. 

longitude  in  time,  E 10      0      0        ©'»  red.  dec 22     25     29  N. 

■p.  time  Greenwich,  June  3*     10    20     12        ©'•  mer.  zen.  dist.  ....     52    45    29 

©•■dec.N.A.p.1 22^  22'  26 •g'^      ^.  ^  l^     ^^     ^, 

dMf.lh.  17 -58^x101     ^     +     Z      l-y        ©■n«r.dt Z7     14    31 

O'sred.  dec 22     25     28  6 

time  from  noon 3h  39m  488  log  rising 4  *62911 

latitude • 30*20'     O'S  eosine 9*93606 

declination 22    25    29N    cosine 9*96585 

mer.  alt 37    14    31       ntt.  sine.     60518  .-.^— .. 

nat.  nam     33964  »  4  '63102 

tree  alt 15    23    57       nat.  sine  *  26554 

cor.  Table  13 +       3     16  

app.alt. 15    27     13 
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ExampUfoT  Exercise. 

Required  the  true  and  ^parent  altitudes  of  the  sun's  centre,  March 
20,  1852^  at  4h.  6m.  24s.  p.m.  apparent  time,  in  latitude  36^  1877.  and 
bngitude  58*  5'  10*  W.  f 

Answer.— True  altitude 22"  38' 28" 

Apparent-altitude  sun's  centre    22  40  36 


To  find  the  true  and  ttpparerU  aUUude  of  the  moon*s  centre,  having 
the  apparent  time  at  the  place  of  obeervation,  the  latitude  and 
longitude  given. 

BuLS. — ^Reduce  the  given  apparent  time  at  ship  to  mean  time  at  the 
meridian  of  Greenwich  page  160j  to  this  reduce  tne  sun's  right  ascen- 
sion, likewise  the  moon's  right  ascension,  declination,  and  horiiontal 
parallax,  as  directed  in  page  164. 

To  the  sun's  reduced  right  ascension,  let  the  mean  time  be  added, 
and  the  sum  will  be  the  right  ascension  of  the  meridian,  the  difference 
between  which  and  the  moon's  reduced  right  ascension,  will  be  the 
horary  aqgle  of  the  moon« 

With  this  horary  distance  from  the  meridian,  her  declination' and  the 
latitude,  compute  her  true  central  altitude  as  follows. 

To  the  log  versed  sine  of  the  moon's  horary  angle,  add  the  log.  cosine 
of  the  latitude,  and  that  of  the  corrected  declination,  their  sum,  rejecting 
20  from  the  index,  will  be  the  log.  of  a  natural  number,  to  be  taken  from 
the  natural  sine  of  the  meridian  altitude,  the  remainder  will  be  the 
natural  sine  of  the  true  altitude. 

With  this  true  central  altitude  find  the  correction.  Table  24,  as  di- 
rected in  page  215,  and  the  result  will  be  her  apparent  central  altitude. 

Example, — August  20,  1852,  at  5h.  30m.  16s.  p.m.  apparent  time,  in 
latitude  30**  20'N'  hmgitude  40'  32'  li'W.;  required  the  true  and 
apparent  altitudes  of  the  moon's  centre  f    * 

app,  time  ship,  Aiig.20  pjn.   5h  30m  168  Q'g  rigbtuoen.  m«ia  nooa  91i  58m 58  '938 

long,  in  time.  West 2    42      8-98      diff.  Ih.- 98-253  x  8-257      +     1     16-40 

app.  time  8t  Greenwich .. .     8     12    25  ^    - 

red.eqn8ftion +       3      0  ©'8  rwL  right  ascen.  . . .   10      0    15-33 

mem  time  Greenwich.... "8~15    25  app- time  at  .|dp b    30    16 

J'shor.par 59'  40-2^        right  ai«en.  of  mer.  or,      15    30    31-33 

cor.  for  Ph  15m  258 ..—75  "^-  **"«•  

59  32  7 

cor.  for  8pher(Hdal  figure  \  •  ^ 

of  the  earth,  (T.43a).  /       "" 

red^hor.par. 59  29  7 
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C 'i ril^t Men. 14*  32'  37-99^      ('8dee.K.A.  atSh...   lO""  27'  29*30''S 

uf .  for  15m  25t +  34*93        diBr.  1(K- 128-13 x  154  -    -1-3     17*70 

Ctred-nglktMoen.  ...   14    33    12-92        ('sradLdccM 10    30    47   S. 

nd^imeorrtaie.  ofmor.  15    30    31*34       ktitode 30    20      ON. 


0    57    18-42       mer. nn.  dot. 40    50    47 

=====  90 


moon'i  mer.  alt.  ......  49      9    13 


bosmi^ (Hi  57m  18s        logriiiog,  T.30 3*49276 

decliBitioo 10^  30 '47^8.      ooone 9*99265 

Utitode 30    20    ON.       eodne 9*93606 

C'lBcr.alt. 49      9  13  naLime..   75646  ■ 

nat.  num.      2639  log.  3  -42147 

C'ttniealt.*. 46*  53'  33*'      nat.iiiie..  73007 


To  reduce  the  moan^s  true  to  her  apparmX  ctUitude. 

Kiile.— From  Table  24,  take  out  the  correction  to  thp  next  less  tenth 
minnte  of  altitude,  and  the  minutes  of  h.  p.  and  subtract  it  from  the 
moon's  true  altitude,  noting  the  remainder. 

From  the 'Same  Table  take  out  the  corrections  answering  to  the  said 
remainder  in  the  usual  manner,  and  apply  them  with  contrary  signs  to 
the  moon's  Irue  altitude,  taken  out  again  for  that  purpose,  and  the 
result  will  be  the  moon's  apparent  altitude. 

• 

Example. — Suppose  the  moon's  true  altitude  to  be  46o  53'  33'',  as 
above,  and  the  h.p.  59'  29^ ;  required  her  apparent  altitude  ? 

Moo&'i  true  altitode 46o  53'  33'' 

Cor.  answering  to  46*  50*  and  H.P.  59 . . .     —    39    28 

46    14      5 

Moon's  true  altitude '. 46    53    33 

Cor.  answering  to  46«  10*  and  H.F.  59  .  • .     —    39    57 

46    13    36 
Cor.  answering  to  4'  of  altitude +  3 

46    13    39 
Cor.  answering  to  29"  of  Par i—  19 

Moon's  4>paretft  altitude. 46    13    20 
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TO      FIND      THE      LONGITUDE, 
BT   hXJVXB,  OBSBBVATION. 

This  problem  may  be  said  to  consist  of  tour  distinct  operations^  viz : 

1.  From  the  observed,  to  find  the  apparent  altitudes  and  distance* 

2.  Having  the  apparent  altitudes  and  distance  to  find  the  true 
distance. 

3.  Having  the  true  distance^  to  find  the  corresponding  mean  time  rt 
Greenwich. 

4.  To  find  the  mean  time  at  ship,  and  thence  the  longitude* 

1.  From  the  observed  to  find  ihs  apparent  altitudes  and  distance. 

Rule. — To  tKe  estimated  astronomical  time  at  sea,  apply  the  longi- 
tude by  account  in  time,  by  addition  or  subtraction^  according  as  it  is 
west  or  east;  the  sum  or  difference  will  be  the  estimated  time  at 
Greenwich,  which  may  however  be  more  readily  found  by  a  chronometer, 
(should  one  be  at  hand)  whose  error  for  that  meridian  is  knows* 

From  page  III.  of  the  month  in  the  Nautical  Almanac,  take  out  the 
moon's  senidiameter  and  horizontal  paraUax,t  reduce  them  to  the 
estimated  Greenwich  time,  if  that  time  be  consideaably  distant  from  noon 
or  night,  and  to  the  semidiameter  (thus  reduced  if  necessary,)  add 
the  moon's  augmentation  (T.  22.) 

Then,  if  the  sun  be  observed — ^to  the  moon's  augmented  semidiameter 
add  the  sun's  semidiameter,  taken  from  page  II  of  the  month  in  the 
Nautical  Almanac,  and  the  observed  distance,  their  sum  will  be  the 
apparent  distance;  but  if  a  stor  or  planet  be  observed,  the  moon's 
augmented  semidiameter  is  to  be  added  to  the  observed  distance  if  the 
nearest  limb  be  taken,  but  subtracted  from  it  if  the  furthest  limb  be 
observed ;  and  their  sum  or  difference  will  be  the  apparent  distance. 

2.  To  find  the  apparent  aititudes^ 

For  the  Moon.  From  her  observed  altitude  subtract  the  dip  (T<  8.) 
and  to  the  remainder  add  her  augmented*  semidiameter  if  her  lower  limb 
bo  observed,  but  subtract  her  augmented  semidiameter*  from  it  if  the 
upper  limb  be  taken. 


*  In  flndlng  Um  Qraenwioh  time  for  thii  pnrpoie  ttrict  aoconcy  ii  not  raqviaiti;  u 
•  triiUnf  tiTor  In  tholUno  wUl  not  materUUy  affoct  the  final  remit 

f  The  moon's  H.P.  it  taken  out  together  with  die  moon'a  semidiameter  to  save  trouble 
•ad  ti  referred  to  be  applied  in  finding  the  true  distance. 
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Far  the  Stau  From  his  obsefred  altitude  subtract  the  dip,  and  to  the 
remainder  apply  hia  semidiameter  by  addition  or  subtraction,  according 
as  his  lower  or  upper  limb  is  taken,  and  the  result  will  be  his  apparent 
altitude. 

Far  a  Siar  or  Planet.  From  the  obsonred  altitude  subtract  the  dip, 
the  remainda  wiU  be  its  apparent  altitude. 

It  will  howerer  be  found,  that  IT  added  to  the  observed  altitude  of 
the  sun  or  moon's  lower  limb,  and  20  subtracted  from  the  moon's  upper 
limb,  will  giye  the  apparent  altitude  of  their  centres  with  sufficient 
accuracy  for  general  practice. 

In  correcting  the  dktance  by  the  method  given  in  this  work,  the 
igaparent  altitudet  only  are  used,  but  in  finding  the  time  the  true  alth' 
tudtt  are  always  employed. 

Having  the  t^pparent  aUitudee  andiutaneetofindthe  true  distance. 

¥tom  Table  84  take  out  the  logarithm  of  the  sun  or  star's  apparent 
altitude,  and  also  the  logarithm  of  the  moon's  apparent  altitude. 

To  the  logarithm  of  the  sun  or  star's  apparent  altitude,  add  the  logarithmic 
sine  (T.  5)  of  the  apparent  distance,  (taken  out  to  four  places  of  deci- 
mals only)  their  sumj  rejecting  10  in  the  index,  will  be  the  proportional 
logarithm  (T.  35)  of  correction  I,  whidx  is  always  to  be  subtracted  from 
the  apparent  distance. 

To  the  logarithm  of  the  moon's  apparent  altitude,  add  the  logarithmic 
tangent,  (T.  5)  of  the  apparent  distance,  rejecting  10  in  the  index, 
their  sum  will  be  the  logarithm  of  the  2nd  correction,  to  be  added  to 
the  former  remainder,  when  the  apparent  distance  is  less  than  90o,  but 
to  be  subtracted  from  it,  when  the  apparent  distance  exceeds  90"*. 

To  this  sum  or  difference  add  the  correction  answering  to  the  apparent 
distance,  and  apparent  altitudes,  (T.  36)  which  will  be  the  true 
distance  between  the  moon  and  a  star,  but  if  the  sun  be  one  of  the 
observed  objects,  a  farther  correction  from  Table  37>  must  be  applied. 

Having  the  true  distance  to  find  the  corresponding  mean  time  at 

Greenwich, 

Among  the  lunar  distances,  pages  xiii  to  xyiii  of  the  month,  in  the 
Nautical  Almanac,  seek  for  the  true  distance,  either  on  the  given  day,  or 
that  immediately  preceding  or  following  it ;  then,  if  the  true  central 
distance  be  exactly  found,  the  corresponding  mean  time  at  Greenwich  will 
be  found  standing  over  it  At  the  top  of  the  column,  but  if  the  true 
distance  cannot  be  exactly  found,  as  will  almost  always  be  the  case,  find 
the  two  distances  between  which  the  true  distance  falls,  and  take  out  the 
intermediate  proportional  logarithm  from  thecolunm  headed  'T.L.ofDiff." 
subtract  this-  proportional  logarithm  from  the  proportional  logarithm, 
(T.  35)  of  the  difference  between  the  true  distance  and  that  under  the 
next  less  hour^  the  remainder  will  be  the  proportional  logarithm  of  a 

28 
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portion  of  time^  which^  added  to  the  above  mentioned  next  less  hour,  will 
give  the  mean  time  at  Greenwich  corresponding  to  the  true  distance, 
correctly  enough  for  general  practice. 

When  extreme  accuracy  is  required,  and  more  particularly  when  the 
proportional  logarithms  between  the  distances  in  me  Nautical  AlTn«TMi/» 
mcrease  or  decrease  by  very  considerable  differences,  a  correction  fiom 
Table  39,  or  page  588  of  the  Nautical  Almanac  for  1852,  for  the 
irregularity  of  the  moon's  motion,  whereby  the  want  of  uniformity  in 
the  distances  recorded  in  the  Nautical  Almanac  is  produced,  must  be  ap- 
phed  to  the  above  Greenwich  time.* 

To  find  the  mean  time  at  ship,  and  thence  the  Umgitude, 

JProm  the  apparent  find  the  true  altitude  of  either  of  the  objects 
employed  in  the  lunar  observation,  and  thence  the  meantime  at  ship,  by 
rules  already  given  for  that  purpose ;  find  the  difference  between  the 
mean  time  at  Greenwich,  and  mean  time  at  ship,  this  difference 
converted  into  degrees,  minutes,  &;c.  will  be  the  true  longitude  of  the 
ship,  east  if  the  time  at  ship  exceed  the  time  at  Greeowich,  but  west  if 
the  Greenwich  time  be  greater  than  the  time  at  ship. 

Example  1. — 1852,  March  12,  a.m.  at  ship,  in  latitude  40"*  17'S. 
41*  15'E.  mean  time  at  ship  lid.  21h.  3m.  with  observed  altitudes  O 
33'  46',  <.  40*  21',  both  at  13  feet,  observed  distance  97*  25',  index 
error  to  dist — S" ;  required  the  longitude  by  observation  ? 

m.  t.  « 21h  3m    ([  '« aem.  midn. . .     15'  52^  hor.  par   58'  14^ 

long.  E ..2  45       cor.  for  6h  18m. . .     —      4  —    13 


m.t.G 18  18  154   8    red.  hor.  par 58 

ang.  (T.22) +     10  


before  noon,  12th.       5  42 


{ '■  oor.  aemid, .  •  •  •  15    58 


obe.diflt 970  24'  SS''    O'sKl 33*46'  J'lLl 40"  21' 

?'iaemld....   +     16      6  +12  -i-     12 

'•  „    +     16    58  

ap.alt 33    58  40    33 


log.  (T.S4) 7445        6787 

i^.dift 97    56    59     nne(T.5) 9*9958       tangent 10*8549 


l&2oor.    —38      0     —  32' 44^^ =  7403       — 5'^ «  1*5336 


97     18    59 
Scor-yil"— 6"  4-2      6 


true  dist.   ...  97    21      5 

troeditt  NJl.  97    30    SO     at 18h  Om  Os    prolog.N.A 2821 

lUlf. 9    25     pro.  log • .' 1  '2814 


•1-18    2     pro  log 9993 

•of.T«39 •   —      *  — '' 


ittHaUintOrMBwIoh  byohs.  18    18 


*  See  the  ezplaastioB  to  Table  39. 
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©'•  mp.  alt. S5»  58'  dec.  p.n. N  A.  5'  8'  13''S. 

r.T.lS —      1  diff..58-95''l  ^  .     ^^ 

X  5h  42m,  /  +  ^    36 


tniealt. 33    57 

polar  disbmoe. .. .     86    46     ootec 0'00069  3    13    49 

Utitiide 40     17     sec 0-11756  &0 


161    00 


half  1^.. ......     80    30     OM 9-21761       PO^  ^ist.  .   86    46 

46    33     sine 9*86092 


O'a  h Z B.(r.33)  3h  6m 57i    - 9*19678       eqna.  time  . . . .     9m50'79t 

20  53       3"  diff.683x5h.42m.  +  3*89 

rod.  eqna.  time,    -h     9    55  ■ 

imeahip.  21     2    58  ^    ^^ 

timeGr*.   18  18 


loQg 2  44    58      »•  41«  14'  30^^  Eut 


near  limb  79**  24'  15%  index  error  for  distance  —10'' ;  required  the 
loDgitude  f 


™*-«hV 13h  llm    (['g8emid.N.A.  16'  19*2''  lior.  ptr 69'  53-4'^ 

«»W »    +   5    39       cor,  for  6h.  50m .  —    3*6     —    13«3 

uiutime^r 18    50  16    15*6  -*-. 

===     awg.  (T.  22). . . .    +     11-4  59    40 

16    27  ■ 


tS;f^::::.  '-i° '''  ir  S,'!*::;:::::;ijr^   ''•^' fw 

log.  (T.34>  . . . .     0*5743       0-6172 

■FP-dirt 79    40    32     me 9 -9929  tang 10*7395 

%.  1  &  2  cor.  —    40    51     —  *2'  ^^''■IP'  ^'    W72       +  r55-'  p.  log.      1*3567 
+     7  55     "^ 


78    59    41      ' 


3ra  cor.  ••••..    +      1     35 


traedift 79      1  16 

tniedMtJI.A.    78    31  16     at Wh    Om  Os  pro.  log 2222 

diff. .,» 30  0     pro.  log 77g2 

,  +     50     2     . 


diff.p.Iogi.N.A.iBcreasingl5    cor.  (T.39).  ■ .   — 4  * 


timeCkeoiwich,  brobs   18    49    58    ,  .   ^^  .  ^^.   ^ 

#aim.alt 53<>  28  __— _  ■•  i;.  xm.a 23li  9m  18a 

true  ah 53  27  ■•  t.  red 23     12    24 

pdardiat. 77  19  CQ«ec 0*01073  ♦  ^«5.  N.A 12<»  41'N 

«itwle 3  20  Bee 0*00073                          ?5 

sum 134  6  ^^  ^^'  •  • »»«.   77     19 

^^' 67  3  ooi 9*59098                                " 

"'■"^ 13  36  line 9*37133  *raNA       im.    a    o« 

^cr.^)^^>^ 8T737r  tbo!:;''/.::  Ta^^S" 

m-t-ajr  oba.  18b  49m58.  ..  t  s^^  24h- 12    23    261 

«o»».W.  ....     5    38    6<     -  84*  W  mem  time iMp  13    11      2" 
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ASTRONOMY. 


When  theobaervation  for  the  altitudes  and  distance  cannot  be  taken 
at  the  same  time,  for  want  of  proper  assistants  on  board,  the  following 
method  may  be  adopted,  by  which  one  observer  can,  widi  a  good  qua- 
drant to  take  the  altitudes,  and  a  sextant  for  the  distance,  make  the 
different  observations  himself,  with  sufficient  accuracy. 

First,  take  an  altitude  of  the  sun,  star,  or  planet;  secondly,  the  alti- 
tude of  the  moon;  thirdly,  any  number  of  distances;  fourthly,  agam 
the   altitude    of  the   moon ;  fifthly,   the  altitude  of  the  sun,  star,  or 

{>lanet ;  and  then  proceed  as  explained  in  page  197   or  by   proportional 
ogarithms,  as  foUows. 

Ex.  3. — 1852,  March  28,  p.m.  at  ship,  in  latitude  36''  17''N.  with  the 
following  times  by  chronometer,  fast  'Jm.  16s.  for  mean  time  Greenwcfa, 
observed  altitudes  O  and  If,  at  13  feet,  and  their  observed  distances  with 
an  index  error  +20";  required  the  mean  time  at  Greenwich,  and  its 
comparison  with  mean  time  at  Greenwich  by  chronometer. 


Times  by  chitm. 
5     58     28 

Dist  O ([ 

O's  1.1. 
37°33'30^ 

36  S3    0 

59     18     

48  16  20 

6       0     24 

88    32     10 

32  30 

33  20 

1     10 

T%     a   A    A    a 

2     14 

3     20    

49    4  50 

7  •  •  ■  • 

4     13    

fum  of  3,4.5 -fi  3)18      3    48 


the  mean 6 

error  — 


1     16 
7     16 


m.  t.  6.  by  chro.    5    54 


i[  '■  semid.  at  noon.   15'23'^ 
inertaw  for  6h. . . .    +.    3  '4 
augmentation 11*6 

mean  of  times. .     6      1     16 
timel 5     58     28 

2    48 

diff.  of  1  &  7 . .  5     45 

„  O'aalta...    !•    0'  30" 

oor.Q'*  Irt  alt.  29    30 

„        i»      37  33    30 

mean  alt 37  4 

cor +  12 

©'•  ep.  alt.  . .   37     Ift^ 
ap.  dist 89      4    40 

lBtcor.-34'l9"1  •   •    •   • 
2  cor.     «    41.   I -33  38 

88    31       2 

1^"^.-  62}  LJLJL 

true  dist 88    32    54 

dist.  N.A 87      6    57 

diff. 

approx.  interral 


3) 

98       0 

88 

• 

32     40 
+     20 

88 

33 

0's  semid.  . 
» <[  's    „    ... 

• 

• 

16      2 
15     38 

.  ap.  dist. 

•  •  •  • 

89 

4    40 

time  2 

pro*  log.. . . 
ar.  CO.  pro. 
pro.  log.. . . 

1  ■ . . 
log. 

t  •   m  • 

■  • 

9     • 

1  -8081 

8  -5044 

•4736 

pro.  log.. . , 

k  •  •  • 

•     • 

•7860 

dif.l     0  30 


48  so 


^  'a  h  p.  at  noon, 
increase  for  61k.  •  • 


56  27*5 
12*5 

56  40 


6     1  16 
5  59  18 


1  58     1*9615 

dif.2&6.         4     2    8*3504 
,.  (['salt.      48  30       ^695 


eor  Istalt .   23  40 
<[  Istalt  48  16  20 

mean  alt- 48  40 
cor —  20 


•8814 


log. *7199 

sine 9  *9999 

p.  log -7198 


d  ap  alt  48  20      log.  6287 
tan.ll -7938 


p.  log.  2  *4219 


1     25     57 


at 

pro.  log. 


3h    Om   Os  P*  log*  N.  A- 3065 

3210 


2    54      6     pro.  log 0145 


diff.  p.  logs.  N.A.  17  dec.  1 

cor.  {T.39) / 

m.  t  G.  by  lunar. . 


5 

+ 


54 


fi 


5     54 

by  chron » .      5     54 

.  hai  of  obs 
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If  the  son  or  star  be  too  near  the  meridian,  or  if  the  altitudes  have 
not  been  obsenred  correctly  enough  for  fioding  the  time  with  exactness^ 
although  ?rith  su£Bcient  accuracy  for  clearing  the  distance,  the  error  of 
the  watch  or  chronometer,  by  which  the  time  of  the  observation  was  noted, 
must  be  found  by  altitudes  taken  when  the  sun  or  star  is  more  favorably 
situated  with  respect  to  the  meridian,  and  applied  to  the  time  shewn 
by  the  watch  or  chronometer  when  the  distance  was  taken,  by  addi- 
tion or  subtraction  according  as  it  is  slow  or  fast,  the  sum  or  difference 
will  be  the  time  at  the  meridian  where  the  error  of  the  wateh  was  found, 
at  the  instant  when  the  distance  was  measured,  the  difference  between 
which  time  and  the  time  at  Greenwich,  found  as  above,  from  the  distance, 
will  be  the  longitude  of  the  place  where  the  altitudes  were  taken  for 
finding  the  error  of  the  watch. 

Examples  for  Exercise. 

1. — 1852,  March  15,  a.m.  at  ship,  in  latitude  9^46'S.  at  15d  4h  22m 
30b.  by  chronometer,  slow  33m.  10s.  for  mean  time  Greenwich,  with 
observed  altitudes  ©  69*  48'  45^,  eye  at  1 6  feet,  j"  53®  3tf  40^",  eye  at  12 
feet,  observed  distence  56°  16'  30"^,  index  error  for  distance  —13"^ ; 
required  mean  time  Greenwich,  and  its  comparison  with  the  mean  time 
Greenwich  by  chronometer. 

Answer. — Mean  time  Greenwich  by  observation  4h,  55m.  59s. 

chronometer  slow  19s. 

2. — 1852,  March  2,  p.m.  at  ship,  in  latitude  10^  45'N.  at  2d  Jh  43m 
46s.  by  chronometer,  fast  13m.  46s.  for  mean  time  Greenwich,  with 
observed  altitudes  of  Venus  33^  18'  SO",  eye  at  22  feet,  «_  46"*  12'  10^, 
eye  at  21  feet,  observed  distance  (['a  near  limb  97^  35'  lO'^,  index  error 
to  distance  +  7" ;  required  mean  time  Greenwich,  and  its  comparison 
with  mean  time  Gfeenwidi  by  chronometer. 

Answer. — ^Mean  time  Greenwich  by  observation  7h.  29m.  59s. . 

chronometer  fast  la. 

3.— 1852,  March  29,  p.m.  at  ship,  in  latitude  14''  15'N.  at  29d.  2h. 
11m.  32a.  by  chronometer,  slow  9m.  38s.  for  mean  time  Greenwich, 
with  observe!  altitudes  Spica,  40»  38'  50^,  eye  at  16  feet,  qf  40®  45',  eye 
at  19  feet,  observed  distance  fs  far  limb  94  "*  50'  15"^,  index  error  to 
distance  —4^ ;  required  mean  time  Greenwich,  and  its  comparison  with 
mean  time  Greenwich  by  chronometer  ? 

Answer. — Mean  time  Greenwich  by  observation  2h.  20m.  59s. 

chronometer  fast  lis. 
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AnBOHOKT 


Additional  QuesHonsJbr  Exercise, 

Date. 

Meantime 

at 

Ship. 

Latitade. 

# 
Ob6.alt. 

Ohs.  alt. 

Obt. 
DiitBiioe. 

Denomi- 
nation 

of 
Star. 

LoBgitade. 

1852 
Apr.   10 

h    m    I 
20  45    0 

o          / 

34    26S. 

ft. 
31 

o       / 
26    44 

o         / 

5*55     55 

88  52    1 

o 

o         t 

33    45W. 

May  27 

5  59    0 

55    20N. 

27 

17      3 

t"40    33 

103  41  28 

•f 

14    45S. 

Dec.     5 

20  24  11 

20      9N.'  31 

23    41 

£67    39 

64  48  16 

ft 

23    57W. 

Aug.    1 

12  56    0 

0 

19 

9    26E. 

<[   69     38 

70    4    8 

Sata  m 

106      4W. 

Oct.     3 

8  30  49 

5     15S 

20 

16    38WC^62    28 

46  43  34 

146    48E. 

Dec.  31 

17  10  18- 

13    30N. 

17 

58    34E 

(   83      6 

29  34  38 

Spica. 

99    45W. 

THE  CALCULATIOK  OF   SECOND  DIFFERENCES. 

In  computing  the  declination  of  the  heavenly  bodies,  whose  daOy  dif- 
ference of  declination  is  considerable,  if  extreme  accuracy  be  required 
the  proportional  part  of  the  daily  variation  of  declination,  for  any  given 
interval  of  time,  must  be  corrected  by  the  equation  of  second,  third,  and 
sometimes  fourth  differences.  For  ordinary  purposes,  the  equation  of 
second  differences  will  be  sufficient. 

The  same  remark  applies  to  the  latitudes,  longitudes,  and  right  ascen- 
sions of  the  heavenly  bodies,  and  to  all  calculations  by  interpolation  of 
quantities,  which  are  increased  or  decreased,  not  by  uniformly  equal 

Suantities,  but  by  quantities  which  are  themselves  also  increasing  or 
iminishing. 

If  the  total  interval  be  12  hours  for  instance,  and  the  variation  or 
change  for  one  hour  be  required,  then  it  will  be  -/^  of  the  variation,  for 
12  hours,  and  the  correction  will  be  -^  of  ^  of  the  mean  second  diffe- 
rence, that  is  -^  X  i  of  the  remaining  \l  and  then  multiplied  by  the 
mean  second  £fference 

For  two  hours  =  ^  the  correction  will  be  ^  x  ^j  x  second  difference* 

For  three  hours  s  ^  it  will  be  ^  x  i  of   }  x   second  difference,   or 
^  of  second  difference. 

Tor  four  hours  =  i  the  correction  will  be  i  xi=7  of  second  dif- 


hoon  s  -Iff  i^  "^  l>e  A  X  /t  X  second  difference. 
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Xittatly  for  six  hoonss^  the  correction  will  be  ^  x  i^s^  of  second  dif- 
ference.   Kthe  second  difference  be  12'=720^«  the  correction  will  be 


for  1  hour  720*'  x  t*,  x  ^=27-5'' 
„  2    „     720  x  I  xA=5(H) 
„  3    „     720  X  i  X  I  =67-5 
„  4    „     720  X  ^     =      800 

„8    „     720  x^x/y=87-5 
„  6     „     720  X  i     =      90. 

For  7  boors  the  correction  will  be  the  same  as  for  5  hours^  for  8  hours 
the  same  as  for  4  hours^  ke. 

Yfhta the ^iUffereftees  deerease,  the  correction  will  be  additivei 
but  whilst  the  first  differences  increase  the  correction  will  be  sub- 
tractive. 

When  the  first  differences  neither  increase  nor  decrease^  but  remain 
equal  for  some  time^  then  no  correction  will  be  necessary,  for  the 
proportional  part  for  the  given  interval  will  be  quite  correct. 

But  when  the  first  differences  decrease  and  then  increase,  or  first 
increase  and  then  decrease,  half  the  £fference  of  the  two  second  differences 
win  be  the  mean  second  difference,  and  the  correction  will 
be  but  small,  and  additive  or  subtractive  according  as  the  second 
difference  of  the  decreasing  ^r«<  differences,  nearest  the  change,  is  greater 
or  less  than  the  second  difference  of  the  first  two  increasing  first  diffe- 
renees  after  the  change.  In  all  other  cases  half  the  sum  of  the  two  second 
differences  will  be  Hie  mean  second  difference. 

Example. — ^Let  it  be  required  to  find  the  O's  true  declination  at  mean 
niid*night^  on  the  4th  May,  1852  ?  ^ 

Ist.  diff. 
O'i deel- 3id May,  meta noon •     W  48'    «-0^  _  jy    23.5 


4tii  ,,  16      5    82*5 

5th  „  16    22    40*0 

6di  ,, 16    39    31-3 


—  17      7-6 

—  16    51  -3 


The  two  second  differences  will  be  16*0^,  and  16*2%  and  the  mean 
second  difference  IB'l",  then  16*1x^=2*0^  the  correction  required, 
additive,  because  the  first  differences  are  decreasing. 

Difference  of  4th  and  5th=l7'  7*5%  the  half  of  which  is  8'  33*75% 
to  which  adding  the  correction  2%  we  have  8'  35*75''  for  the  variation 
of  the  declination  for  the  first  12  hours ;  hence 

16^  5'  32-5''+8'  SS^S'^sie*  14'  8*25''sthe  declination  at  mid-night 
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2. — Supposed  the  &^  decimation  for  the  5th  of  May,  1852,  to  hare 
been  e&ced,  or  obliterated,  or  printed  so  as  not  to  be  l^ble,  it  is 
required  to  find  by  interpolation,  the  declination  for  that  day  f 

May20'8decL !....     15«  30'  29-8-N.         ^'^' ^'         ^^ 

—  35      2-7  ^,  ^, 

*        "      »    »2»       _33    j,.g        -«•» 

«        1«    '»    "•'       -32    52-6        -^■' 

8        „         17     12    23-9  

mean  2nd  diflf. 65  '05 

cor.  i«     ^     »         8*13 

diff.  of  4th  and  6di 33'  58  •8'' 

for  one  day 16  59  '4 

oor +  8  1 

oor.  var.  for  1  day 17      7*5 

Q's  ded.  4th 16      5    32-5 

O'lded.  5th 16    22    40  0  N.  Hie  tame  as  given  in  the 

Nautical  AJmuac. 

This  proves  the  accuracy  of  the  correction,  for  the  declinations  in  the 
Nautical  Almanac  have  been  computed  independently  for  every  day,  from 
the  sun's  longitude  and  the  obliquity  of  the  ecliptic. 

3. — Suppose  it  were  required  to  compute  the  moon's  horizontal  paral- 
lax for  mid-night,  of  the  4th  May,  1852;  having  given  the  horizontal 
parallax  at  noon  for  every  day  ? 

3rd  May,  Moon's  hor.  par 61'     2-8    _    ^^^^^  ^nd. 

4th        „  , 60    42-2    _    3^.g  _i6.2 

5th        „  , 60      5-4    _    ^g  —11-9 

6th        „  „  59     16-7  

28*1 

mean  second  diflf.. ...     14  *05 

cor.        «     ^      a     —1-76 
diff.  4th  and  5th » 36*8'';   |  of  which  «         1840 

par.  decreasmg 16  '6 

4diBOoa 60    42*2 

Moon's  hor.  per.  4th,  midiug^ht. ...     60    25  *6 
Sob  Naatieal  Alnunae,  1852. 
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4. — ^Required  the  apparent  declination  of  the  planet  Mercury  $  ^  on 
tbe  4th  of  March  1852^  at  the  time  of  «its  tA^sit  over  the  mendian  of 
Greenwich^  astronomical  time  ? 

Mean  time  of  transit  orer  the  meridian  of  Greenwich^  on  the  4th  of 
Marchi  1852|  is  23h.  42m.  astronomical  time^  (Nautical  Almanac^  page 
256) 

i>ecL93M«tdi ^^'^^'  ^^'^^''^^sriy^r     ^'''^^' 

4  ,,  11  50    #0"2                               —78-5'' 

"  .  —40    34-4 

5  „  11  9    «^-8                        ^      —  78-2 

"                    -  i  —41     52-6 

6  „  ......! lO  28      3-2                               

mean  2nd  diff«      78  *35 
•  ■ 

•         h.    in  • 

23     42  »  23-7 


^ff.of4thand5tfa 40<  34  A"       .  24)0*9875 

18in.«l-80tliof24h. 0    30-44    .  ..  ,  0-0125 

cor-  below +  .     #'48     .  0  '00625 

0    30-9 
^dSBuitk 11      9    55-8  8. 

«f? 11     10    26-7S.      Attimeoftraniit,  8eeN.A.  1852,  p.257 


toeomputethe  above  correction,we  have  -9875  x  '00625  x  78*35  =0-4837 

By  Logarithms. 

0-9875        log.         »         9-99454 
0-00625      log.        a         7*79598 
2Dd  diff.  78  -35^        log.         »         1  -89404 

9*68456  »  0-4837 

In  thia  example^  the  correction  0*48''  is  added^  because  it  was  due  to 
m  small  interval  at  the  close  of  the  day^  and  required  therefore  a  greater 
variation  in  the  declination,  than  any  pseceding  equal  interval  on  the 
day. 


LOKGrrUDB  FROM  THX   BISING  AMD  SBTTIKa  OF  THB   SUN. 

Among  the  various  methods  in  use  for  determining  the  longitude  at 
i»  a  very  simple  and  practical  method,  although  not  in  very  general 
use,  because  not  very  generally  known  or  understood,  is  that  which  is 
deduced  from  the  facilities  afforded  by  the  rising  and  setting  sun. 

The  prindple  is  adapted  to  the  rising  or  setting  of  the  moon,  stars, 
and  planets,  also ;  but  its  application  to  these  latter  cases  is  more 
diflkolt,  and  therefore  less  likely  to  be  generally  adopted  in  practice. 

To  observe  the  time  of  the  eun^s  rising  or  setting. 

Set  the  sextant  or  quadrant  to  16'  plus  the  d^,  say  2(f  on  the  lindi, 
observe  by  means  of  a  well  regulated  chronometer,  Ae    ^ 
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mMn  time,  when  the  imn'*  lowe?  limb  ia  at  this  devaijon  uhoje  the 
tnie  horizon ;  then  computa^  the  ^rue  time  ikt  ship  of  the  riang  or 
setting,  for  which  purpose  it  will  be  necessary  to  have  preyiously  deter- 
mined the  latitude  as  correoUv  as  possible;  the  difference  between  the 
cwparent  time  at  ship,  and  the  Oreenvrieh  apparent  .time,  to  which  the 
Ureentvich  msan  time  must  be  reduced,  will  be  the  difference  of  Umr 
gitude  in  time. . 

When  the  sun's  lower  limb  is  abopt  16'  aboye  the  horizon,  the  sun's 
viHble  semidiam/eter  is  only  about  14',  bein^  contracted  about  2'  by 
refraction ;  consequently  the  sun's  centre  will  then  appear  about  3(y 
above  the  horizon^  whereby  the  sun'#  apparent  attitude  will  be  about 
S(y,  which  is  also  very  nearly  the  amount  of  the  refraction  at  this  ap- 
parent altitude ;  so  that  wheii  the  sun's  lower  limb  appears  16^  above 
the  horizon,  the  sun's  centre  is  supposed  to  be  at  the  true  horizon,  and 
oonsequentiy,  to  indicate  the  true  time  of  his  vising  or  setting. 

When  the  sun's  rising  or  setting  is  obterred  in  this  manner,  no  allow- 
anoe  is  to  be  made  for  we  effect  of  refraction,  in  determining  the  time 
of  his  rising  or  setting  by  computation;  because  that  effect  is  aUowed 
for  in  attempting  to  ODserve  the  time  of  his  true  setting  before  bis  vtii- 
ble  setting,  or  of  his  true  rising  after  he  has  visibly  risen. 

But  simple  and  fSoasible  as  this  method  may  appear,  it  is  much  better 
and  more  certain  to  observe  the  time  by  chronometer,  when  the  lower 
limb  appears  to  touch  the  horizon,  and  again  the  instant  when  the 
upper  nmb  disappears  below  the  horizon ;  the  middle  time  between 
these  will  be  v^ry  nearly  the  Greenwich  mean  time,  whea  the*  son's 
centre  appears  at  the  horizon. 

Compute  then  the  apparent  time  of  rising  «r  setting,  lAolqdijig  Ihe 
effect  of  refraction  and  dip,  whkb  retards  ibe  apparent  time  of  aeMug» 
and  acoderates  that  of  ridng ;  the  difference  between  the  appajreat 
time  thus  computed^  and  the  observed  Greenwich  mean  time,  reduoed 
as  before  to  Greenwich  apparent  time,  will  be  thO'  difference  6f  longi- 
tude in  time,  which  being  converted  into  degrees,  minutes  and  seconds, 
will  be  tiie  longitude  required. 

To  compute  the  semidiurnal  arc,  or  time  of  sun  rising  or  setting. 

jlule. — To  the  log.  tangent  of  the  latitude  add  the  log.  tangent  of  the 
sun*s  declination,  tiie  sum  will  be  the  lo^.  sine  of  the  asoeiMonal  defe- 
rence, which  converted  into  time,  smd  aaded  to  6  hours,  will  give  the 
time  of  setting,  when  the  latitude  and  declination  are  bo&  ITorth,  or 
hotibi  So^tk ;  mk  the  time  of  rising,  when  Que  is  North  and  tbei  other 

To  compute  tb4i  iffeot  qf  refirg^tion  in  ret/arding  tb^  setting,  and 

accelerate  the  rising  of  the  sun. 

Add  together  thi^  latitude  and  deoUnation ;  take  also  their  difference. 
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placiDg  it  under  the  sun,  then  add  together  the  log.  secant  of  the  sum, 
and  the  log.  secant  of  the  difference^  and  to  half  the  sum  of  the  two 
log.  secants,  add  the  constant  log.  2139879,  when  refraction  only  is  to 
be  taken  into  account,  this  last  sum  will  be  the  log.  of  the  number  of 
seconds  of  time,  t«  be  added  to  the  semidiurnal  aro^  found  by  the  pre- 
ceding rule,  as  the  effect  of  the  horizontal  refraction,  at  a  mean  tempe- 
rature, or  30  in.  of  barometer,  and  SO""  of  Fahrenheit's  ^ermometer. 

• 

The  constant  log.  2*139879  is  the  log.  of  138,  the  number  of  seconds 
of  time  equal  to  the  mean  horizontal  refraction,  now  beUeved  to  be, 
according  to  the  best  aathorities,  34'  32"".  But  to  insure  correct  re- 
solts^  from  thkl  method  of  detenwung  the  longitude,  the  |emperatiir0 
of  the  atmosphere,  indicated  by  the  bivometet  and  thermometer,  should 
be  etiMfblly  noted,  and  the  oorrespondii^  horizibtal  refraction  deduoed 
from  the  usual  tables  for  correcting  the  mean  refraction. 

Should  the  horizontal  refraction  be  found,  for  instance  to  be  40'= 
160  seconds  of  time,  then  the  log.  of  160  should  be  substituted  for  the 
constant  log.  given  above ;  and  should  the  hor.  refr.  be  only  30"  then 
the  log.  of  120  should  be  used,  and  so  of  any  other  amount  of  the  hori- 
zontal refraction,  caused  by  the  constantly  varying  temperature. 

When  the  dip  of  the  horizon  combines  with  refraction  to  retard  the 
aetdng  of  the  sun,  or  accelerate  his  rising,  its  amount  must  be  added  to 
that  of  the  horizontal  refraction,  and  the  lo^.  of  the  number  of  seconds 
of  time  equal  to  their  sum,  must  be  used  mstead  of  the  constant  lo^. 
2*139879,  which  includes  only  the  refraction*  When  ab  artificoal  hon- 
zdu  is  ufledy  no  allowance  is  made  for  dip. 

Example. — 1852,  May  20,  a.m.  civil  time  at  ship,  in  lat  6l''30'N* 
and  longitude  by  account  64*  10' W.  on  board  a  ship  on  the  Arctic  ex- 
pedition, or  ITortfi  Western  Passage,  the  sun's  lower  limb,  corrected 
for  depression  of  the  horizon^  was  observed  at  rising  to  be  16'  above 
the  horizon,  when  the  chronometer  set  to  Greenwich  mean  time  on  the 
Ist  <^  the  same  month,  at  noon,  and  which  was  observed  to  have  gained 
5*6*  daily,  was  at  19''  25°*  30*3' ;  required  the  true  mean  time  at  ship, 
and  her  true  longitude  at  ttie  time  of  observation  i 

h*  m    ■ 

approx.  Gr.  mwn  time  of  obi.    19  25  30  -3  ©'•  ^^'  »««»  noon,  19th.   19^51  '48  •S'^N 

cor,  for  daOy nto,  (gunipg).     —    1  45 -3  increaie  of  doc.  for  19h  1  j^    ^.^ 

Gt.  iMn  time  of  obs 19  23  460  ^,    23m  45i. J 

oqoition  of  dme +     3  44  '4  ©  ■  «c.  at  mmg 20     1  57 'SN. 

Gr.  app.  time  of  obserration.     19  27  29  4  

Utitnae  by  acoouit 61*  30'     0""  N.        tang.     10  -265236 

dedtn. 20      1    57    N.        taog.      9-561831 

•Meneiaiial  diff. .     42    11      8  aiae..     9827067 

dittoibtime 2*  48"  44-5  === 

■dd .600  k    m    s 

«pp.  time  before  noon ....     8    48    44-5    »  15  11  15  -5  (on  19th)  at  ihip 
Oreenwich  app.  time  of  obaerration. . .        19  27  29*4  19th  day 

diff.  of  long,  in  time 4  16  IS'T'W. 

longitode  of  ihip ........  * 64^  3' 28  -5''W. 


i 
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h  m  • 

Apparent  time  at  ihip,  19th  day 15  11  15*5 

aquation  of  time —  3  44-4 

mean  time  at  ahip 15  7  31  '1 

Greenwich  mean  time  of  obsenration 19  23  45-0 

diff.  of  long,  in  time,  aa  before 4  16  13  *9  W. 

Longitude  at  Bhip 64''  3'  28-5W. 


:^ 


Here  the  results  are  the  same,  whether  we  take  the  difference  of  the 
mean  or  the  apparent  times ;  but  stvctly,  the  differ^oe  of  the  appa- 
rent times  should  be  takep,  because  the  polar  ansles  measure  apparent 
time  on  the  equator,  nod  mean  time ;  every  15  degrees  on  the  equator 
indicating  one  hour  of  apparent  time.  At  the  end  of  December  the 
daily  difference  of  the  apparent  and  mean  times  is  3(y,  and  conse- 
quently the  diff.  in  12  hours  of  time,  or  ISO""  of  long,  would  be  15 
seconds  of  time,  or  3''45"  of  longifode. 

2 — ^August  20^  1852,  in  east  longitude  and  latitude,  corrected  by 
double  altitudes,  58''  2'  45"S,  at  22^  30""  35"  mem  time  at  Greenwich, 
on  the  19th.  by  a  chronometer  regulated  on  the  same  day  to  Gbeenwich 
mean  time,  the  sun's  centre  was  observed  setting,  the  above  time  being 
the  mean  of  two  observations  of  the  lower  and  upper  limbs  at  setting; 
Kequired  the  ship's  longitude  at  the  time  of  observation,  file  height  of 
the  eye  being  18  feet  ? 

Q'a  dedin.  corrected  for  the  time  of  observation 12**  21 '  14'7V. ; 

Latitude M      2    45  S. 

refraction +   34'  32"^ 

dip +     4      4 

par —  9 

cor,  te  aen.  dist. .    +38    27  »  153-88.         log.  »  2-186956 


latitude    

dedin 

.     58** 
12 

70 
45 

2' 
21 

23 
41 

45"S. 
14  N. 

0-474364    aec 
0-155824     sec. 

59  1 
31    f 

tangent    10*204984 
tangent      9  -3^0485 


COS.  ...     9  *545469 

2  )  0 -630188  69^  26'  37^ 

0*315094  4h  37m  46  -5s. 

2-186956    (above) 

2  -002050  »  318  -05  s +     5     18  *0 


Greenwich  mean  time  »  22h  30m  358  4    43      4  5 

equation  of  time —      3      6*6  •1-24      0      0  -0 


22    27     28  -4  Aug.  19th 28    43      4-5 

GreflDwich  apparent  time    „     19tb 22    27    28  '4 


diff.  of  long,  in  time. 6    15    36*1 


long,  in  space 93**  54'     1  -5'E. 
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ON.  FINDING 


THE    VARIATION    OF    THE    COMPASS, 


BT  ABTBOKOMICAL    OBSBBYATKIir. 


Thb  variatioihof  the  compass  has  already  been  describedi  (see  p.  41,) 
as  the  deviation  of  the  points  of  the  mariner**  compass  from  the  corre- 
sponding points  of  the  horizon,  and  it  is  denominated  eoMi  or  west 
variaium,  according  as  the  norili  point  of  the  compass  is  eastward  or 
westward  of  the  tme  north  point  of  th<^  horizon. 

Now,  this  variation  of  the  comptfis  may  be  determined  by  various 
celestial  observations,  such  as  amplitudes,  azimuths,  transits,  equal 
altitudes,  &c.  8cc.  and  of  these,  amplitudes  and  azimuths  of  the  sun  are, 
perhaps,  best  adapted  to  nauticd  practice,  and  are  consequently  the 
methods  principally  used  at  sea  for  this  purpose. 

The  true  amplitude  b{  any  celestial  object,  is  the  arc  of  the  horizon 
intercepted  t)etween  the  true  east  or  west  point  of  the  horizon,  and  the 
centre  of  that  object,  at  the  time  of  its  rising  or  setting. 

The  magnetic  amplitude  of  an  object  is  the  arc  of  the  horizou,  inter- 
cepted between  its  centre,  and  the  east  or  west  point  of  the  compass,  at 
the  time  of  its  risine  or  setting,  or,  it  is  the  compass  bearing  o/the 
object,  when  in  the  horizon  of  the  eastern  or  western  hemisphere. 

The  true  agimuth  of  a  celestial  object  is  the  angle  formed  by  the 
true  meridian,  and  a  vertical  circle  passing  through  the  centre  of  that 
object. 

Tie  magnetic  azimuth  is  the  angle  contained  between  the  magnetic 
meriAm,  and  the  azimuth  or  vertical  circle,  passing  through  the  centre  of 
the  object,  or,  it  is  the  compass  bearing  of  the  object,  at  any  given 
attitude  above  the  horizon ;  hence,  wh«i  the  magnetic  azimuth  is  ob- 
served, the  altitude  of  the  object  must  be  taken,  to  obtain  the  true 
azimuth. 

The  true  amplitude  of  a  celestial  object,  and  its  true  azimuth  are 
found  by  calculation,  and  the  magnetic  amplitude  and  azimuth  by  an 
azimuth  compass,  as  follows —  ^ 

To  observe  by  the  azimuth  compass  the  sun's  amplitude. 
In  finding  the  variation  by  the  sun's  amplitude,  the  observation  should 


• « 
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j«  oMm  br  tompasA,  when  the  altitude  of  his  lower  limb  is  equal  to  the 
>am  ^"  hb  aemidiameter,  and  the  dip  of  the  horizon^  and  this  may  be 
iix;;^  rettdily  dfected  by  setting  the  index  of  the  instrument,  to  the  altt- 
:*iiar  utifes  determined,  and  then  taking  the  sun's  magnetic  amplitude 
^•hfn  kb  ioiKT  hmb  attains  that  elevation,  at  which  instant,  although 
ta«r  j«B  is  appiurentlv  so  elevated,  by  the  atmospherical  refraction,  his 
iXtttre  is  in  not  in  the  horizon  of  the  place  of  observation. 

At  the  time  of  suB-rising  or  sun^'setting  turn  the  compass-box  until 
ui^  ^nuae  containing  the  magnifying  glass,  be  directed  towarda  the  sun^ 
^•^  ;hat  when  his  limb  is  at  a  proper  elevation,  the  bright  speck,  formed 
>\  iW  concentrated  rays  of  the  sun,  may  fall  upon  the  dit  in  the  other 
\-HMw  ilieo  stop  the  card  by  means  of  the  nonius,  and  read  off  th« 

T^^'^  ^npUtude  may  also  be  observed  without  using  the  magnifying 
^  ...s$^  1>Y  directing  the  sight  through  the  dark  glass  towards  die  sun, 
w  ^ocm  the  sun  is  bisected  by  tb«  thread  in  the  other  vane,  stop  the 
o*^>i  A  iJl  wdi  off  M  before. 

TW  oUerve  by  the  compMB  th$  wn^a  asnmuih. 

V  A.  n  the  boa  as  before  directed,  and  raise  the  magnifying  glass  until 

u  ^v*^i^  «u«vk  faUs  on  the  other  vane,  or  on  the  line  in  the  horizontal 

^2     Jk  <^  i»  then  to  be  stopped,  and  the  divisions  being  read  off,  will 

v^  k\vvu'»  masuetic  azimuth,  should  the  vibration  of  the  cai^  at  the 

^\  ^s)c<rNmtMHi  be  considerable,  the  mean  of  the  vibrations  may  be 

,..v  *t  >a.  U^  iwigfttetio  azimuth. 


»t  iT^  of  the  sun  (m  noticed  above,)  must  be  taken  when  the 
^  "  liiakuih  14  observed,  in  order  to  obtwn  the  true  azimuth. 


^N     Ul 


•^  ,W:A#firt«lM»*/'*«<?<wiyflwiy^*««»i'*«?^^ 


\  xiuc^  the  apparent  time  of  the  sun's  rising  or  setting  to 

'     ^         -T  "  uiue  at  Greenwich,  and  to  that  time  reduce  also  the 

..  vNVx.xi-ev     ^^  given  day,  taken  from  page  I  of  the  month, 

^   ^^ ^.  :^^^P  r  iken,  to  the  logarithmic  secant  of  the  latitude 

V  V.-v*  V    ^  ^^  ^  ^^  ^^^  reduced  declination,  and  their 

^    V  ^^  **  ^^**'^'  ^  index*  will  be  the  logarithmic  sine  of  the  true 


k  V  S 


"   ^  ^^Mied  from  the  east  in  the  morning,  or  from 
"^  ''^        l^^iids  the  north  or  south  according  to  the 


V  kI»  ihui  found,  and  the  magnetic  amplitude 
>^  .^v  "^^'^TT^  or  both  south,  their  differeRce, 

V   vs-;^^"^  ^'  \^^  ^^li^  their  sum  is  the  variation,  and 

'v^  m^ttitrlYi  let  the  observer  be  supposed 


^    V    >  '^  *^^''^  'I.  4^  iktc«inp»8S  representing  the  true 
-  ---'^  "'•.^^wJTbe  to  the  fc//  hand  of  this 


\ 
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Hie  sun*!  trae  amplitada  may  be  taken  out  by  inspection^  from 
Table  41,  (see  the  explanation  to  tnat  Table)  the  result  will  however,  of 
ooune,  be  in  general  less  accurate  than  by  the  former  method. 

■ 

Sm.  I. — lSS2f  July  14,  p.m.  at  ship,  in  latitude  28''  53'^.  mean  time 
Greenwich  14d.  6h.  26m.  with  the  0's  magnetic  amplitude  W.SG^N.; 
T^xtired  the  variation  of  the  compass  i 

Men  tuns  Grwnwicb.  61i  Ste-  Q's  dee.  p.u.  N.A« ^l^  38'  Sa'^N. 

diff.  23 'fta""  X  6h  26m. . : .     —      2    31 


reduced  dec 21     36 


UlitBde  2»^  53'     lecuf       -05769 
dso,...  31    36     fiae..    9  56599 


true  amplitade sue. .     9  '62368  -  W.  24P  52'N 

tie ampHtnde W.  36      ON 


Ytfiatioa  West,  the  mag.  amp.  to  ri^t  11       8 

band  of  tree  amplitade.  ■ 


Bjf  Imptcium^  T.  41. 

WMk  latitada  sa**  and  dec.  21<»  36"  thetnwamp.  la 2i^  46' 

allmr  wm  incieaM  fof  6'  qf  dee. >■  6 


0's  true  amplitude^ 24     52 


iSr.  2: — 1852,  November  20^  a.ii.  at  ahipj  in  latitude  ll""  3'S.  mean 
time  Greenwich  19d.  23h.  44m.  with  the  0's  magnetic  amplitude  E.13*S. 
required  the  variation  of  the  compass  f 

Heao  tjm Gveflnufcli  -  23<'  44'  0'8  decp.ii.  N.A.  on  20th    19^  48'  54"S. 

— — —  diff.  34-10*'  for  16m  ....     —  9 


before  noon  -----        16 


latitude  •  -  -  •    11.     3'      see.  -  0*00813 
dee. 19    49        sine    9*53021 


19    48    45 


trae ampHtnde sine   9*53834  «  E.  20"  l2'S. 

magnetic ampfitnde    ••---•------••£•  13      OS. 

VariatioD,  East,  the  mag.  to  left  hand  of  trae  amp.        7    12 


ExampleBfor  Exercke. 

Id — 1852^  April  15,  a.m.  at  ship,  in  latitude  AT  lO'N.  mean  time 
Greenwich  14d.  19h.  46m.  with  the  0^1  magnetic  amplitude  E.1G^S. 
required  the  variation  of  the  compass  f 

Answer. — ^Variation  SO*  36' W. 

2. — 1852,  October  13,  p.m.  at  ship,  in  latitude  39*  50'N.  mean  time 
Greenwich  13d.  15h.  18m.  with  the  O's  magnetic  amplitiide  W.27*S. : 
required  the  variation  of  the  compass  ? 

Answer. — Variation  16*  IQ'E: 
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To  find  the  variation  of  the  covg}as8  by  (he  sta^s  ozimMn 

Rule. — ^Beducethe  mean  time  of  observation,  and  also  the  sun's 
declination  at  noon  of  the  given  day,  to  the  corresponding  time  at  the 
meridian  of  Ghreenwich  :  find  likewise  the  snn's  polar  distance,  and  from 
his  observed,  compate  his  true  altitude. 

To  the  sun's  true  altitude  add  his  polar  distance,  and  the  latitude  of 
the  ship  or  place  of  observation ;  take  half  their  sum,  and  find  the  diffe- 
rence between  the  half  sum  and  the  polar  distance,  calling  this  difference 
the  remainder,  then. 

To  the  secants,  less  radius,  of  the  true  altitude  and  the  given  latitude, 
add  the  co-sines  of  the  half  sum  and  the  remainder,  half  the  sum  of  these 
four  logarithms,  will  be  the  sine  of  half  the  sun's  true  azimuth,  to  be 
reckon^  from  the  south  in  north  latitude,  and  from  the  north  in  eouth 
latitude,  towards  theeo^^  in  Xhtforenoon,  and  towards  the  west  in  the 
afternoon. 

Then,  if  the  true  and  observed  azimuths  be  both  reckoned  firom  the 
same  point,  their  difference  is  the  variation;  but  if  one  be  computed 
firom  the  north  and  the  other  from  the  south,  take  the  true  azimuth  from 
180^,  and  the  difference  between  the  remainder  and  the  magnetic  azimuth 
wiU  be  the  variation ;  and  to  know  if  it  be  east  or  west,  suppose  the 
observer  to  be  looking  towards  that  point  of  the  compass  which 
represents  the  true  azimuth,  when  if  the  magnetic  azimuth  be  to  the 
kft  hand  of  the  observer,  the  variation  is  easterly,  but  if  to  his  right  it 
is  westerly. 

Ex.  1. — 1852,  June  12,  a.m.  at  ship,  in  latitude  25^  21'N.  mean 
time  Greenwich  lid.  9L  25m.  the  observed  altitude  O  37^  5',  eye  at  14 
feet,  0*8  magnetic  azimuth  S.  109^  E. ;  required  the  variation  of  the 
compass  f 

m.  tG.  lid  9h  25m.      0*8   dec.  p.tt  N.A.  23* 
———'--'— -"—^  0Q|.,  for  m.  t.  G.  + 


7'  36"  N. 


1    30 


diff.    9  •59'*' 
x9-25 


23 

90 


90 


ob«.  alt  0'8 1.1.  37«    6' 

cor.  T-14 4-  11 

truealt 37  16 

latitade 25  21 

polar  diatanoe  ...  66  51 

sum 129  28 

half  som 64  44 

remainder 2  7 


50    22 

x2 


polar  diatance    66    51 


aec 0*09918 

aec 0  '04397 

ooa.  ..«.*.     9*63025 
cos 9*99970 

2)19-77310 

aine 9*88655 


0'8  tniaanm.  S.  100    44B. 
,,    ]Dag.asim.S.  109        K. 

Yi^ ,       8    16       The  maf  •  axim.  bdng  to  thcleft  of  the  tme, 
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JSr.  2, — 1852^  May  6,  p.m.  at  ship,  in  latitude  44''  ll'S.  mean  time 
Greenwich  5d.  23h.  16m.  the  observed  altitude 'O  IJ""  13*  eye  at  16  feet, 
O^s  magnetic  azimudi  N.12''W.;  required  the  variation? 

m.  t.  0 6d  23h  ]  6m    Q'b  dfsc.p.u.  NJl.     16^  39 '  31 ''N.         diff.  Ih.  42  •14'' 

—  —   eor.  for  44iii.  ...     —  31  x  44 


eth 44 


16    39  31 

90 


polar  distance  ...   106    39 


ohs.  ilL  0*«  U.. .     17«  13' 


•^'straedt 17    22     lee 0*02026 

...     44    11     »c 0*14441 

...   106    39 


iom 168    12 

halfnm 84      6     coa 9*01196 

22    83     eoa 9*96546 


2)19  -14208 

21    52       sine 9*57104 

x2  ■     — i-^— 


0>s  true  aam.  N.  43    44W 
O'sMag.aite.N.  12      OW 

w.  . 31    44W  mag.  adm.  to  the  right  of  tha  true. 


1. — 1652^  Jnfy  22,  P.M.  at  ship,  in  latitude  18"*  S'S.  mean  time 
GbeeDwieh  22d.  8h.  36m.  Uie  observed  altitude  O  28''  59"^  at  12  feet, 
O^a  magnetie  aziimitb  N.  e^^^'W.  j  required  the  variation  ? 

Answer. — llo40'B. 

2. — 1852j  August  28,  A.M.atship,  in  latitude  13**  2(/N.  mean  time 
Oreenwidi  27d.  I7h.  16m.  the  observed  altitude  039''48'»  index  error 
+ 12'',  at  16  feet,  O's  magnetic  aamuth  S.SS'^E. :  required  the  variation? 


Answer,— 8^  32'W. 
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ON    TIDES. 

The  word  tide  is  used  to  denote  that  motion  of  the  water  in  the  seas 
and  riyers,  by  which  they  alternately  rise  and  fall  twice  in  the  course  of 
about  twenty  four  hours  and  three  quarters ;  the  rising  of  the  waters 
being  denominated  the  jhix  or  jU)ody  and  the  falling  the  r^ux  or  666. 

These  phenomena  are  the  effect  of  the  attraction  of  the  sun  and  moon 
upon  the  widely  extended  waters  of  the  ocean,  but  are  principally  under 
the  influence  of  the  moon,  as  is  obyious  from  their  always  being  found 
(local  circumstances  and  other  causes  of  partial  derangement  being 
allowed  for,)  to  correspond  to  her  motions,  and  to  haye  a  particular 
reference  to  her  phases,  and  the  portion  she  is  in  with  regard  to  the 
earth. 

We  may  tiierefore,  in  the  first  place,  consider  the  effect  of  the  moon 
alone  in  producing  the  general  phenomena  of  the  tides,  in  obedience  to, 
and  under  the  control  of  that  eyer-^urtiye  principle  of  uniyersal  srayita- 
tion,  by  which  all  the  sreat  bodies  of  the  solar  system,  and  indeed  all 
the  bodies  and  particles  of  matter  in  the  uniyerse,  tend  towards  or 
mutually  attract  one  another. 

The  power  with  which  any  body  attracts  any  other  distant  body, 
is,  directly  as  the  quantity  of  matter  of  which  the  attracting  body 
consists,  and  inyersely  as  the  square  of  its  distance  from  the  body 
attracted.  As  thereK>re,  agreeably  to  this  law,  tiie  power  of  grayity 
combined  with  the  centrifugal  force,  carries  the  moon  round  the  earth 
in  its  orbit,  and  preyents  it  &om  fjedlmg  to  the  earth,  so  do  these  united 
powers,  cause  the  earth  to  reyolye  in  an  orbit,  and  preyent  it  from 
falling  to  the  moon,  and  that  point  between  the  centre  of  these  two 
bodies  round  which  they  naturally  reyolye,  is  called  their  common 
centre  of  grayity,  and  is  as  much  nearer  to  tiie  earth  than  it  is  to  the 
moon,  as  me  quantity  of  matter  contained  in  the  former,  exceeds  that 
contained  in  the  latter,  and  as  the  earth  is  supposed  to  contain  about 
40  times  the  quantity  of  matter  which  is  contained  in  the  moon,  the 
distance  of  their  common  centre  of  grayity  from  the  earth's  centre, 
towards  the  moon,  will  be  less  than  the  earth's  diameter,  or  something 
less  than  its  semi-diameter  from  its  surface  in  the  same  direction. 

These  things  being  understood,  the  true  cause  of  the  rise  of  the 
waters,  inmiediately  below  the  moon  under  the  oppodte  side  of  the 
earth,  may  be  easily  explained. 

Let  AD  c  E  be  the  earth,  (supposed  to  consist  of  a  spherical  nucleus 
entirely  coyered  by  the  waters  of  the  ocean)  and  o  the  common  centre 
of  grayity  of  the  earth  and  moon,  round  which  the  earth  will  reyolye 
in  the  same  manner,  as  if  it  were  acted  upon  by  an  attracting  body 
in^that  centre. 

Now,  all  motion  being  naturally  rectilinear,  let  ▲▲';  bb';  ce';  be 
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Hie  directions  in  which 
the  points  a,  b,  c,  would 
respectively  moye,  if  not 
act€d  upon  by  any  cen- 
tral body ;  also  let  b6  be 
the  orbit  into  which  the 
centre  of  the  earth  is 
deflected  from  its  tan- 
gential direction  bb\ 

Since  the  attractive 
force  exerted  upon  the 
waters  at  ▲  is  as  much 
greater  than  that  which 
influences  the  centre  of 
the  earth  at  b,  as  the 
square  of  o  a,  is  less  than 
the  square  of  gb,  they 
must  be  deflected  farther 
from  their  tangential 
direction,  aa',  than  the 
centre  b,  of  the  earth,  and  instead  of  describing  the  orbit  a  a,  they  will 
describe  the  orbit  ax. 

In  the  same  manner  the  waters  at  c,  being  acted  upon  by  a  force  as 
much  less  than  that  which  influences  the  centre  oi  the  earth,  as  the 
square  of  oc,  is  greater  than  the  square  of  ob,  they  cannot  be  deflected 
as  much  from  their  tangential  direction  cc',  as  the  centre  b  of  the  earth, 
and  therefore  describe  flie  orbit  cz,  instead  of  the  orbit  cc. 

Hence  an  accumulation  of  waters  takes  place  at  the  point  x,  in 
consequence  of  their  rising  towards  the  moon,  and  a  similar  accumulation 
takes  place  on  the  opposite  side  of  the  earth  at  z,  in  consequence  of 
their  being  as  it  were  left  behind,  or  being  less  deflected,  than  those 
about  the  other  parts  of  the  earth,  from  that  rectilinear  direction  in 
which  all  bodies,  if  acted  upon  by  a  projectile  force  alone,  will  move ; 
while  the  waters  about  dbe,  or  90®  distant  from  the  highest  elevations 
will  sink,  both  in  consequence  of  their  own  weight  being  increased,  and 
because  some  part  of  the  waters  of  those  places  must  be  drawn  off,  to 
supply  the  accumulation  about  x  and  z ;  uie  sea  therefore  (supposed  to 
cover  the  whole  earth)  will  become  an  oval  or  oblong  spheriod  dxez, 
whose  axis  produced,  passes  through  the  moon  and  therefore  if  the 
moon  had  no  real  motion  of  her  own  in  her  orbit,  but  only  an  apparent 
motion  arising  from  the  rotation  of  the  earth  about  its  axis,  this  spheriod 
alwajs  having  its  longer  axis  directed  towards  the  moon,  and  following 
her  m  her  apparent  revolution  about  the  earth,  would  cause  two  floods 
and  two  ebbs  in  twenty  four  hours ;  but  because  she  has  a  proper 
motion  of  her  own,  from  west  to  east  in  her  orbit,  she  comes  to  the 
meridian  of  any  place  about  three-quarters  of  an  hour  later  than  she  did 
the  day  before^  and  therefore  makes  two  tides  of  flood,  ajid  two  of  ebb 
in  about  twentv-C^nr  hours  forty-eight  minutes. 
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We  have  hitherto  coiuddered  the  moon  as  the  only  i^ant  conoenedin 
producing  the  tides ;  the  sun  however,  on  account  of  his  great  marai-. 
tude,  exerts  considerable  inflaence  on  the  waters  of  the  ocean,  and  naa 
therefore  a  very  sensible  effect  in  producing  these  phenomena.,  yet  by 
reason  of  the  very  small  proportion  that  the  earth's  semidiameter  bears 
to  the  immense  distance  of  the  sun  firom  the  earth's  centre,  his  dis- 
turbing force,  compared  with  that  of  the  moon,  is  only  in  the  ratio  of  3  to  5; 
and  hence  the  solar  tides  may  be  regarded  as  merely  iusreasiiig  or 
diminishing  the  tides,  caused  by  the  action  of  the  moon. 

Thus  when  the  moon  is  new  or  full,  that  is  when  the  sun  and  moon 
are  either  in  conjunction  with  or  in  opposition  to  each  other,  they  act  in 
the  same  right  Ime,  and  as  each  tends  to  raise  the  waters  immediatelT 
imder  and  opposite  to  itself,  their  conjoint  effect  is  the  same  in  both 
cases,  producmg  what  are  called  spring  tides,  but  when  the  moon  is  in 
quadrature,  the  sun  and  moon  actmg  at  right  angles  to  each  other,  thdr 
effects  are  completely  opposed,  and  the  flux  and  reflux  instead  of  bdng 
augmented,  become  diminished,  and  these  are  called  neap  Mes. 

According  to  what  has  hitherto  been  said,  the  tides  ought  to  be  the 
highest  immediately  under  the  moon,  and  on  the  opposite  aide  of  the 
earth,  yet  obseryation  proves  that  the  time  of  high  water  at  any  place, 
never  happens  at  the  instant  of  the  moon's  passing  the  meridian  of  that 
place,  but  mostiy  some  hours  later;  neither  do  the  spring  and  neap  tides 
take  place  when  the  moon  is  in  sy  zigy  or  in  quadrature,  bst  generally  a 
few  days  afterwards. 

This  difficulty  admits  of  a  very  easy  solution,  for  the  moon's  attrac- 
tion having  communicated  a  motion  of  ascent  to  the  waters  before  her 
arrival  at  the  meridian,  they  would  continue  to  rise,  even  were  her 
influence  altogether  to  cease  when  she  was  past  that  meridiaii,  much 
more  therefore  must  they  do  so,  when  the  attraction  is  only  triflinglr 
diminished,  as  a  small  impulse  given  to  a  body  abeady  in  motion,  witt 
cause  it  to  move  farther  tnan  it  otherwise  would  have  done.  For  tiie 
same  reason,  we  find  that  although  the  earth's  orlnt  is  elMptieal,  and  the 
earth  is  in  perihelion  or  nearest  the  sun  in  January,  yet  we  have  not 
the  highest  tides  at  that  time,  but  some  weeks  later. 


Generally  howev^  the  tides  are  highest  a  littie  before  the  vernal 
equinox,  and  a  littie  after  the  autumnal ;  as  therefore  the  moon's  orbit 
is  also  elliptical,  when  the  mocm  is  in  perigee  or  nearest  the  eartii  at  the 
time  of  her  coi\junction  or  oppontion  in  February  and  Mardi,  or 
in  September  and  October,  the  tides  will  be  very  conaideraUy  aug- 
mented. 

The  above  may  be  considered  as  a  very  concise  view  of  the  theory  of 

the  tides  in  general,  it  will  however,  be  absolutely  necessary,  to  con- 

sidor  these  phenomena,  under  certain  modifications,  principally  arising 

*    from  the  obhquity  of  the  ecliptic,  and  the  inclination  of  the  moon's  orbit 

to  the  plane  of  the  equator. 

When  tiie  moon  is  vertical  to  the  equator,  the  tide  tiiat  happ^is  when 
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she  It  abate  the  horison,  is  of  the  eaaie  height  with  the  next  whidi  takes 
place  when  she  is  below  it.  Bnt  as  the  moon  declines  from  the  equator, 
one  of  the  elerations  of  the  water  constantly  following  the  moon,  wUle 
the  other  reoedes  from  the  equator  on  the  contrary  siae»  the  former  will 
describe  nearly  that  parallel  to  whidi  she  is  yertical,  the  latter  will 
deseribe  a  panDel,  as  far  distant  tnaa  the  equator  in  the  cfpponkd 
hfimisphere. 

Thns^  the  two  eleTations  describe  parallels  of  equal  latitades»  bat  of 
different  denominatiQns, 

Now  if  we  suppose  any  place  to  be  mtuated  in  north  latitude,  it  is 
obyious  that  the  eleyation  which  moves  in  the  northern  hemisphere,  will 
come  nearer  to  that  place,  than  the  eleyation  which  describes  a  parallel 
in  the  southern  hemisphere,  and  since  it  is  high  water  at  any  place, 
when  either  of  these  eleyations  passes  the  meridian  of  that  place,  it 
follows,  that  the  tide  produced  by  one  of  these  elevations,  must  differ  in 
maenitnde  fit>m  that  produced  by  the  other,  and  that  the  highest  tide 
win  be  caused  by  that  elevation  whidi  moves  in  the  same  hemisphere  in 
which  the  place  is  situatedt 

When,  therefore,  the  moon  and  the  place  of  observation  are  both  on 
die  same  side  of  the  equator,  the  tide  whidi  takes  place  while  the  moon 
is  above  the  horison  of  that  place,  exceeds  that  which  is  produced  wh^t 
she  is  below  it,  because  the  elevation  which  immediately  follows  the 
moon,  moves  on  the  side  of  the  equator  with  the  place. 

When  the  moon  and  the  dace  of  observatiim  are  on  opponte  sides  of 
the  equator,  the  elevation  which  is  c^posite  to  the  moon,  moves  on  the 
same  ode  with  the  place,  cmuequentlv  the  greater  tide  is  produced  when 
the  moon  is  below  the  horison,  ana  the  smaller  happens  when  she  is 
above  it. 

The  difference  between  the  two  tides  ought,  therefore,  to  increase 
with  the  distance  of  the  disturbing  forces  from  the  equator,  and  to  be 
greatest  when  the  sun  and  moon  are  in  the  tropics,  becanae  the  two 
de  vations  then  describe  the  two  circles,  which  are  most  distant  fr*om  each 
other,  and  observation  shews  that  in  summer  the  evening  tides  are 
higher  than  the  mcHning,  but  in  winter  the  morning  tides  are  higher 
than  the  eveoing. 

We  have  hitherto  supposed  the  sur£stce  of  the  globe  to  be  entirely 
covered  with  water,  this  nowever,  not  being  the  case,  the  doctrine  of 
the  tides  as  now  explained,  can  at  best  omy  apply  to  the  tides  in  the 
ocean,  nor  will  they  be  found  even  then  alto^ther  to  accord  with  the 
general  theory,  since  to  produce  the  daily  vicissitude  of  high  and  loi^ 
w^,  would  require  a  longitudinal  extent  of  at  least  a  quadrant  offlie 
elfipse. 

An  the  dbencmiena  therefore  which  have  been  described,  will  be 
greatly  modified  by  the  direction  of  the  shores,  the  extent  of  the  seas, 
l^e  width  and  direction  of  the  channels  through  which  the  waters  passj 
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the  setting. of  currents  by  winds,  and  other  local  ciroumstanoes :  thus  it 
is  found  that  in  confined  seas,  such  as  the  Euxine,  the  Baltic,  and  abo 
in  lakes  of  great  magnitude,  such  as  those  in  NorUi  America,  the  rise  of 
the  waters,  is  so  trifling  as  to  be  ahnost  insensible,  and  even  in  the 
Mediterranean,  although  a  sea  of  considerable  extent,  the  elevation  is 
very  small,  owing  to  the  narrowness  of  the  passage  by  which  it  com- 
municates with  the  ocean. 

We  shall  however  forbear  any  further  remarks  upon  tides  in  particu- 
lar places,  which  to  be  useful,  must  be  carried  to  an  extent  altogeth^ 
incompatible  with  the  nature  of  the  present  work,  and  shall  merely 
observe  that  although  these  local  tides  are  sometimes  found  to  be  such, 
as  even  to  seem  to  contradict  the  general  theory  here  laid  down,  they 
will  be  found  upon  a  minute  investigation,  to  be  perfectly  conformable 
to  that  tiieory,  the  apparent  irregularities  being  produced  by  some  of 
these  modifymg  circimistances  already  alluded  to. 

The  method  of  computing  the  time  of  high  water  at  any  place  by 
the  supposed  bearing  of  the  moon,  at  that  time,  is  too  defective  in  itself, 
and  founded  upon  principles  too  inaccurate  to  merit  any  particular 
description. 

Notwitiistanding  the  causes  of  derangement  already  alluded  to,  the 
time  of  high  water  at  any  place  may,  in  general,  be  found  with  sufficient 
exactness  for  the  practical  purposes  of  navigation,  by  the  following  rules 
and  observations. 

The  method  commonly  practised  at  sea  for  finding  the  time  of  high 
water  on  a  given  day  at  any  proposed  place,  is  to  add  the  time  of  high 
water  at  the  given  place  on  the  full  and  change  days,  (T.  43,)  to  the  time 
of  the  moon's  meridional  passage  on  the  proposed  day,  their  sum  is  taken 
as  the  time  of  high  water  at  that  place  on  the  given  day.  K  this  time 
exceed  12h.  24m.  (which  is  the  mean  interval  between  each  succeeding 
tide.)  or  if  it  exceed  24h.  48m.  those  quantities  are  respectively  taken 
from  it,  and  the  remainder  is  assumed  as  the  apparent  time  of  high  water 
in  the  afternoou  of  the  given  day,  from  wIRch  the  mean  time  is  found  by 
applying  the  equation  of  time  (N.A.p.I.)  as  usual. 

"When  this  method  is  adopted,  the  time  of  the  moon's  passing  the 
meridian  is  generally  deduced  from  the  moon's  age,  obtained  by  means 
of  the  epactfor  the  year,  and  the  number  for  the  month ;  the  former  of 
which  is  most  correctly  found  by  the  aid  of  the  golden  number.  Now, 
the  moon's  age  thus  found  will  frequently  be  above  a  day,  and  the  time 
of  her  passing  the  meridian  more  than  an  hour  wrong,  for  which  reason, 
and  also  because  the  effect  of  the  sun's  attraction  in  accelerating  the 
tides  in  the  first  and  third  quarters,  and  retarding  them  in  the  second 
aiul  fourth,  is  in  this  method  totally  disregarded,  we  shall  after  very 
brirtlv  explaining  the  several  particulars  above-mentioned,  and  how  they 
umy  ue  found,  proceed  to  give  a  method  of  solving  this  problem,  which, 
«\\v|)t  under  peculiar  circumstances  of  wind,  Sec.  will  generally  be  within 
A  \ory  few  minutes  of  the  truth. 
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TffB  Golden  Number. 

ts  any  number  of  the  bmar  cycle,  that  is,  of  a  period  of  nineteen  ytors, 
lifter  the  expiration  of  which  the  new  and  full  moons  fall  on  the  same 
day  of  the  month  as  they  did  at  the  beginning  of  that  period. 

To  find  the  golden  number  for  any  year. 

Rule. — Add  1*  to  the  year,  and  divide  the  sum  by  19,  the  remainder 
is  thb  golden  number.  K  there  be  no  remainder  the  golden  number 
is  19. 

MxampU. — ^What  is  the  golden  number  for  the  year  1852  7 

1852+  1-H-19»97  and  10  temaioder,  which  rem^der  is  the  Golden  Nomber. 

The  Efact. 

Is  the  moon's  age  at  the  beginning  of  the  year ;  that  is,  the  number 
of  days  which  have  elapsed  since  the  last  new  moon  in  the  preceding 
yesTk 

To  find  the  Epactfor  any  year  till  1900. 

Rule. — Find  the  golden  number  and  subtract  1  from  it,  multiply  the 
remainder  by  11,  and  the  product  will  be  the  epact: — if  the  product 
exceed  30,  divide  it  by  30  and  the  remainder  wiU  be  the  epact. 

Example. — ^What  is  the  Epact  for  the  year  1852. 

The  Golden  Number  as  before  found  is  10. 

Hence  (10^1)  x  11»99  and  this  dirided  by  30»3  and  9  remainder,  which 
remainder  is  the  epact  for  1852. 

The  Nuhbeb  fok  the  Month. 

The  number  or  epact  for  the  month,  is  the  moon*s  age  at  the'  begin- 
ning of  that  month,  when  it  is  new  moon  on  the  first  of  January. 

To  find  the  nMberfor  any  given  month. 

Divide  the  number  of  days  contained  in  the  preceding  months,  reckon- 
ing from  the  beginning  of  January,  by  29*53,  the  period  of  a  mean  lu- 
nation (or  29d.  12h.  44m.  expressed  in  days  and  decimal  parts)  and  the 
nearest  whole  number  to  the  remainder,  is  the  number  for  the  given 
month. 

Example. — ^What  is  the  number  or  epact  for  May  ? 

129Tf29*53»4  and  1  *8ft,  or  nearly  2  remainder;  therefore  the  epact 

or  number  for  May  is  2. 

What  is  the  number  or  epact  for  July,  1852  7 

The  number  of  days  from  Ist  January  to  Julv  » 182. 
Henoe.  182-z4-29  '53  s  6  and  4  '82  remainder,  which  remainder  4  *82  or  5, 
is  the  epact  or  number  for  July«  it  being  leap  year. 


*  The  Golden  Number  was  1  at  the  birth  of  Christ. 
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The  numbers  or  epacts  for  the  BeForal  months,  found  by  the  forgoing 
rule,  will  be  as  follows  : 

Jmi.    Feb.  Mar.  AprU,  May,  JvM^Jiilf,  Aug.  "Sept.   OoU  Nor.  Dee. 
Commoii  Tears  ..01012S457799 
LeapYeara 0212346688       10      10 

The  year,  according  to  onr  present  mode  of  reckoning,  consista  <^S^ 
days  for  three  years  together,  and  every  fourth  year  consists  of  d66  dsg^s ; 
this  last  is  a  leap  year,  in  which  the  month  ef  February  has  29  days. 
But  the  centuries  which  will  not  divide  evenly  by  4,  such  as  1700,  1600^ 
and  1900,  are  not  accounted  as  leap  years. 

The  Moov's  Aos. 

Is  the  time  elapsed  since  the  last  new  moon ;  it  is  commonly  reckoned 
in  whole  days,  and  can  of  course  never  exceed  30. 

fh  find  the  MoovCe  age. 

Rule. — Add  together  the  epact  for  the  year,  the  number  for  the  month 
and  the  day  of  the  month,  their  sum,  if  it  does  not  exceed  30,  ia  the 
moon's  age,  if  it  does,  subtract  30  itom  it,  and  the  cemai&der  win  be 
the  moon's  i^ 

JB«ai79iis.—W]iBt  will  be  tke  moon's  age,  Julyl79  1852? 

Tbe  epact  already  fsmoA  ia  9« 

Hflooe  9  +  6  +  17*>31,  and  81— SO^l,  the  moon'a  age. 

What  will  be  ihe  moon's  age,  April  14,  1852 1 

An8wer,<~25  days. 

T^find  the  time  efHigh  Wster^  em  a  jfhen  d&f,  «f  any  ptaee  fresrf  near 
the  tradi,)  tie  thne  efkigh  water  at  that  place  ai  fiOt  and  chtrnge  ef 
the  moon  being  knoum. 

Role. — Beduce  the  time  of  the  moon's  meridicmalpassage in  jomh  times, 
taken  from  page  TV  of  tiie  montli  in  the  Nantical  Almanac,  to  the  time 
of  her  meridional  J^assi^  at  the  givcai  place^  by  Table  21. 

Widi  this  time  -eoiveeted  by  the  equation  of  time  to  the  nearest  minirte» 
taken  from  page  II  of  the  month  in  the  Nautical  Almanac,  and  themoon^i 
semi-diameter  from  page  III  of  the  manth,  talce  out  liie  oonespooding 
correction  from  Table  42,  which  add  to  the  above  time,  or  subtract  from 
it,  as  directed  in  the  Table. 

To  the  sum  or  remainder  add  the  time  of  high  water  at  tbe  given  place 
on  full  and  change  days,  Table  44,  and  the  sum  will  be  the  time  of  nigh 
water  in  mean  time  past  noon  of  the  given  day. 

But  if  this  sum  exceed  12h.  24m.  or  24h.  48m.  subtract  those  times 
respeetivdy  from  it,  aad  the  remainder  will  be  the  time  of  hig^  water, 
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wiU&in  a  few  minutes  of  the  tnith,  in  the  afternoon  of  the  given  day^ 
finom  which  the  time  of  high  water  on  the  preceding  morning  may  be 
foand  by  anbtracting  24  minutes  from  it,  or  on  the  following  morning 
hj  sulding  24  minutes  to  it, 

Example. — ^Required  the  time  of  high  water  in  mean  time  at  Cape 
Sable,  Nova  Scotia,  in  longitude  65''  34'  S^W.  pn  June  24,  1852, 

Moon's  Bier.  pa«.  in  mean  time  at  Greemrich,  June  24,  by  h     m 

Nantifltl  Almanac,  page  IV  of  the  montli 6      3 

Cometion  to  daily  variation  50m.  and  long.  65<>34'W.  (T.21)  ....      +     9 

Moon's  mer.peaf.  in  mean  time  at  Cape  SaUe 6    12 

Correction  to  6k.  12m.  +  eqoa.  time  2m.  a  fih.  14m.  end  moon's  1         .j, 
aenddiameter  at  eh.  P.M.  i6'5''(T.42} J"^    ^^ 

5    14 
Tbne  of  h^  water  at  Cape  Sable,  on  full  end  change  days  (T.  43). .     7    4$ 

12    59 
Afenfetiaeoletide. 12    24 


.• 


Tbne  of  hig^  water  at  Cape  Sable,  June  24,  1852,  p.m 0  35 

—  24 

TSme  of  U^  water  at  Cape  Sable,  in  meentimei  on  preeeding  moining* ...     0  11 

T&BMofUgfa  water  at  Cape  Sable,  in  meen  time,  on  following  morning... .     0  59 


Examples  far  Exercise. 

Required  the  time  of  high  water  in  mean  time  at  Morlaix,  France,  in 
longitude  3*  5417.  on  Ist.  AprU,  1852. 

Answer. — 3h.  14m.  p.h. 

Required  the  time  of  high  water  in  mean  time,  at  Trincomale,  Oeylon, 
m  longitude  81e  13'£.  on  Sept.  4,  1852. 

Answer. — ^9ii.  4m» 

Required  the  time  of  high  water  in  mean  time  at  Quidal  Point,  west 
Coast  of  America,  in  longitude  74''  15' W.  on  Not.  14,  1852. 

Answer. — Ih.  10m. 
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The  time  of  high  water  an  a  givenday^  at  anyplace  being  Imown^ 
to  find  the  time  of  high  water  at  that  place  on  thejull  and  change 

dags  of  the  moon. 

Rule. — Proceed  as  in  the  foregoing  rule  (o  reduce  the  time  of  the 
moon's  meridian  passage^  on  the  given  day,  found  in  page  IV.  of  the 
month  in  the  Nautical  Almanac,  to  the  meridian  of  the  given  place,  by 
(T.  21.)  Also  correct  this  time  as  before,  by  (T.  42)  and  subtract  the 
result  from  the  observed  time  of  high  water  in  mean  time  of  the  given 
day,  and  the  remainder  will  be  the  time  of  high  water  at  the  given  place 
on  full  and  change  days. 

If  the  time  to  be  subtracted  be  greater  than  the  observed  time  of  high 
water,  from  the  time  of  the  moon's  meridian  passage  over  the  given  place, 
subtract  half  the  difference  of  two  successive  passages,  and  then  proceed 
as  before,  adding  12  hours  to  the  observed  time  of  high  water,  and 
should  the  time  to  be  subtracted  be  still  the  greater,  take  the  whole 
difference  of  two  successive  passages  from  the  time  of  the  moon's  passing 
the  meridian  of  the  place,  and  proceed  as  before,  adding  24  houra  to  the 
observed  time  of  high  water. 

£».— If  at  Philadelphia  in  longitude  75''  10'  30"W.  on  March  4, 1852 
the  observed  time  of  high  water  should  be  2*»  43"  p.m.  what  would  be 
the  time  of  high  water  on  full  and  change  days  of  the  moon  at  the  same 
place. 

Mooh'b  meridional  passage  in  mean  time  at  Greenwich,  on  4th  March,    h      m 

by  Nautical  Almanac  page  IV. 11      9 

Cor.  to  daily  variation,  54m.  and  long.  75»  IC  30"W.  (T.21) +     11 

Moon's  mer.  pass,  in  mean  time  at  Pliiladelphia n    2O 

Half  the diff.  (56m.)  of  passages  on  giren  and  following  days —    28 

10  52 
Cor.  to  lOh.  52m.— eqoa.  timellm.alOh  42m.  and  moon's  semidiam. 

at  midnight  16'  SO''  (T.42) +     26 

11  18 
Obserred  time  of  high  water  in  mean  time  +   12  h. 14    43 

Time  of  high  water  at  Philadelphia,  on  full  and  change  days. 3    25 


Example  for  Exercise. 

Suppose  at  Oporto,  longitude  8^40'W.  July  25,  1852,  the  observed 
time  or  high  water  should  be  3*»  50"  p.m.  ;  what  would  be  the  time  of 
high  water  on  full  and  change  days  of  the  moon,  at  the  same  place. 

Answer. — 9*  32*. 
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Miseettaneomt  Questunufor  Exercise. 

1 — ^March  20th.  1852,  longitude  40^£.  the  observed  meridian  altitude 
of  O  60»  10'  SO^N.  index  error  +30*,  eye  18  feet;  required  the 
latitude  f 

Answer. — ^29*  38'  43'S 

2 — Sept.  22,  1852,  long.  172**  30' W.  the  observed  meridian  altitude 
of  O  89  30'  30-^,  sun  S.  of  observer,  index  error  — 1'  2*,  eye  24  feet ; 
required  the  latitude  ? 

Answer.— O'*  18'  37^N. 

3. — J^  11,  1852,  T.u.  at  ship,  latitude  by  account  27*  3'S,  longitude 
17''  38' W.  the  observed  altitude  of  O  near  meridian  40^  30'  20',  ob- 
server 8.  of  the  sun,  index  error  —  1'  23^^,  eye  24  feet,  time  by  watch 
10th.  day  23^  10°*  47%  which  had  been  found  li"  8"  7'  slow  for  apparent 
time  at  ship ;  and  since  the  error  for  apparent  time  had  been  determined, 
the  ship  had  made  8^'  longitude  to  E.;  required  the  latitude  ? 

Answer.-  27*  3'  31''S. 

4. — Jan.  14,  1852,  p.m.  at  ship^  latitude  by  account  22^  51'N,  lon- 
gitude 33*  3'W,  observed  altitude  O  near  meridian  45^  20',  sun  south 
of  observer,  index  error  +  30^^,  eye  17  feet,  time  by  watch  14th.  day 
2^  33"  50*  which  had  been  found  2^  15°"  30*  fast  for  apparent  time  at  ship ; 
but  since  the  error  for  apparent  time  had  been  ascertained,  the  ship  had 
made  7'  longitude  to  E.;  required  the  latitude  ? 

Answer.— 22*  50*  41'^N. 

5. — October  21,  (22nd.  civil  time.)  1852,  a.m.  at  ship,  latitude 
by  account  15^  21 'N.  longitude  41^  10' E.  observed  altitude  O  near 
meridian  62*  lO',  observer  north  of  sun,  index  error  +  1'  10",  eye  26 
feet,  time  by  watch  22nd.  day  0*"  10°"  10*  which  had  been  found  40"  50* 
fast  for  apparent  time  at  ship,  but  since  the  error  for  apparent  time  had 
been  determined,  the  ship  had  made  10'  longitude  to  West;  required  the 
latitude  ? 

Answer.- 15^2l'20^N. 

6. — Nov.  11,  (12,  civil  time)  1852,  a.m.  at  ship,  latitude  by  account 
50*  40^8.  longitude  54"*  29'W.  observed  altitude  O  near  meridian  56"*  10", 
sun  N.  of  observer,  index  error — 1'  27''j  eye  at  19  feet,  time  by  watch 
12*  3'  10"  40*,  which  had  been  found  S^  49"  30*  fast  for  apparent  time 
at  ship,  and  since  the  error  for  apparent  time  had  been  ascertained,  the 
ship  had  made  13  V  longitude  to  E. ;  required  the  latitude  ? 

Answer.  -SO"*  40'  17"S. 
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7.— March  20,  1852,  p.m.  at  ship,  latitude  40*  20'S.  obaenred  alt.  G 
SO®  20',  index  errw  4-30%  eye  18  feet,  time  by  chroaometer  19*  20*30* 
which  was  24°  29*  fast  on  mean  time  Greenwich,  noon  February  13^  and 
losing 7*5'  daily;  required  the  longitude? 

Answer.— 107*  40^  IS^E. 

8.— June  19,  (20,  civil  time)  1852,  a.m.  at  ship,  latitude  29®N.  ob- 
served  altitude  O  40"*  50'  20%  index  error  + 1'  8  ,  eye  at  20  feet,  time 
by  chronometer  20**  6^  20"  40*,  which  was  10"  38»  slow  on  mean  time 
Greenwich  noon  June  16,  and  gaining  4-2*  daily ;  required  th^  longitude 

Answer.— 152*^  8'W. 

9. — ^December  23,  1852,  p.m.  at  ship,  latitude  by  account  8*  22'S. 
longitude  12''  ll'E.  observed  altitude  O  near  meridian  74^  4'  G",  observer 
N.  of  sun,  eye  18  feet,  time  by  vratch  22<^  23^  59"  50",  which  had  been 
found  20"  31*  slow  for  apparent  time  at  ship,  and  since  the  error  tat 
apparent  time  had  been  determined  the  ship  had  made  24'  longitude  to 
W.  I  required  the  latitude  ? 

AriBwer.—  8*  22' S. 

10. — ^April  4,  1852,  p.m.  at  ship,  latitude  39"*  27'S.  observed  altitude 
O  29®  51' 35%  index  error  +3',  eye  at  18  feet,  time  by  chronometer 
4''  0^  14",  which  was  13"  10"  slow  on  mean  time  Greenwidij  Jan.  25j 
and  losing  5'  daily ;  required  the  longitude  f 

Answer-- 34*  59'  15''E. 

11. — ^August  31,  (September  1,  civil  time)  1852,  a.m.  at  ship,  latitude 
33«^  I'N.  observed  altitude  _  27®  8'  10%  index  error  +1'  45%  eye  18 
feet,  time  by  chronometer  31"*  18^  0"  0*  which  was  15"  25*6*  fast  on 
mean  time  (ireenwich  noon,  August  7i  and  losing  5'6*  daily;  required 
the  long,  f 

Answer. — SO**  34'B. 

12.— Required  the  apparent  time  of  the  rising  and  setting  of  the  sun 
August  4,  1852,  in  latitude  36"*  42'N.  and  longitude  by  account  50W» 

Answer. — ^True  time  of  rising  of  the  Sun's  centre,  5^    6"  S8». 

Setting 6«»66"54». 

13. — June  25,  1852,  at  7^  14"  p.m.  apparent  time  at  ship,  latitude 
SG^'N.  longitude  16^  SO'W.  the  sun*s  setting  amplitude  was  observed  to 
be  W.  43o  27'N.  requited  the  deviation  of  uie  compass  f 

Answer.— 14*"  4'W. 
14.— May  3,  1852,  at  3*"  p.m.  mean  time  at  ship,  latitude  1«  lO'S. 
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longitude  0,  the  obsenred  altitade  O  was  41''  23'  31''  bearing  N.  49^  20'W. 
height  of  eye  19  feet,  reqmred  the  variation  of  the  compass  ? 

Answer.— 18**  7'W. 

15. — ^Find  the  course  and  distance  from  Gape  Formosa,  lat.  4''  15'N. 
longitude  6""  ll'E.  to  St.  Helena  latitude  W  55'S.  longitude  5*  45'W.? 

Course  S.  30**  20'  47"^.    Distance  1402  miles. 

16. — Find  the  course  and  distance  from  Bahia  latitude  IS^'S.  longitude 
38*  S2'W.  to  Fernando  Po,  latitude  3*  48'N.  longitude  8^  43  E. 

Course  N.  70'*  18'£.     Distance  2991  miles. 

17- —  let  of  May  1852,  in  lat.  48**  30'N.  and  longitude  hj  account 
35"*  15'W.  when  a  chronometer,  correct  for  Greenwich  mean  time,  told 
9^  30"  32%  the  sun's  lower  limb,  at  setting,  was  observed  to  be  20'  above 
the  visible  horizon  of  the  observer,  the  height  of  the  eye  being  18  feet; 
reqmred  the  true  time  at  ship,  and  the  true  longitude  from  Green- 
wich ? 

Answer,— Long.  35«  22'  7'5ir. 

18 — 1852,  November  3,  a.m.  at  ship,  the  following  observations  were 
made  upon  the  sun-rising,  by  a  chronometer  which  was  correct  for 
Gnwnwich  mean  time  on  the  10th.  of  October  preceding,  at  noon,  and 
which  was  gaining  7*36'  daily: — November  2,  1852.  asiron.  time, 

h  m  8 
sun's  upper  limb,  at  horizon,  rising  8  24  16 
sun's  centre  „  8  26  33 

sun's  lower  limb  „  8  28  44 


sun's  centre  rising  (mean)     8  26  31 


The  ship's  latitude  at  the  middle  time  of  these  observations,  was 
35®  56'  45  'S.  and  the  height  of  the  eye,  16  feet,  required  the  longitude 
when  the  sun's  centre  was  at  the  horizon  ? 

Answer. — Longitude  at  ship,  127<>  53'  48''E. 

19 — June  12,  1852,  at  11^  29"  31%  by  a  chronometer  which  was 
correct  for  Greenwich  mean  time,  on  the  1st  May  last,  but  which  was 
losing  1*56*  per  day ;  the  sun's  centre  was  obsenred  at  the  horizon,  eetting. 
The  latitude,  found  by  the  sun's  meridian  altitude  on  the  same  day,  and 
corrected  for  the  ship's  run,  was  58''  36'  40^N.  she  was  in  long.  35''  45'W 
by  aooount,  and  the  height  of  the  observer's  eye  was  20  feet  above  the 
level  of  the  sea ;  required  the  true  longitude  of  the  ship,  at  the  time  of 
observation? 

Answer— Longitude  36**  10'  34"W. 
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WINDS. 


On  tke  Currents  iff  ike  Aimoiphere. 

It  has  been  before  remarked  p.  154  that  the  earth  is  surroimded  with 
an  atmosphere^  and  that  this  elastic  fluid  is  the  scene  of  many  interesting 
phenomena ;  it  revolves  with  the  earth,  and  of  course  increases  in  velopty 
with  the  distance  from  the  axis  of  revolution.  There  is  a  point  where  tlie 
centrifugal  foroe^  that  is  the  tendency  to  fly  off  from  tne  centre,  will 
counterbalance  the  centripetal,  or  gravitation  towards  the  centre,  and  it 
is  therefore  obvious  that  no  portion  of  the  atmosphere  can  extend  beyond 
that  point  where  the  two  influences  are  in  equili^um: 

The  j[ndications  of  the  height  of  the  atmosphere,  as  shewn  by  a  baro- 
meter, place  its  elevation  within  very  narrow  limits.  A  column  of  ai»  is 
nearly  equal  in  weight  to  a  similar  column  of  mereury  of  thirty  inches, 
or  of  water  of  thirty  four  feet,  which  would  give  it  an  elevation  of  about 
five  miles,  if  its  density  were  equal,  but  the  elasticity  of  the  air,  causes 
it  to  expand  with  the  diminution  of  its  own  pressure,  which  becomes  less 
at  every  step  from  the  surface  of  the  earth. 

It  is  well  known  that  the  temperature  diminishes  with  its  height,  and 
therefore  the  higher  a  body  ascends,  the  greater  is  the  quantity  of  heat 
abstracted  from  it,  the  surrounding  atmosphere  becoming  more  rarified ; 
thus  may  be  accounted  for,  the  perpetual  snows  which  crown  the  tops  of 
mountains,  whilst  perpetual  sunshine  plays  around  them,  and  whilst  the 
most  luxuriant  cultivation  clothes  their  base,  and  all  nature  basks  in  the 
torrid  heat  of  the  tropics.  £  ^ 

Winds  are  but  the  atmosphere  put  in  motion,  and  these  agitations  of 
which  we  witness  both  the  violent  and  gentle,  proceed  either  from  a  change 
in  the  temperature  of  a  portion  of  the  air,  or  from  a  change  in  the  quan- 
tity of  water  which  it  holds  in  a  state  of  vapour ;  when  any  portion,  there- 
fore, of  the  earth's  surface  is  more  heated  than  the  surrounding  parts,  the 
air  ascends  and  spreads  through  a  cooler  strata,  causing  an  upper  outward 
current,  while  the  cooler  fluid  rushes  toward  the  spot  where  the  balance 
has  been  lost,  by  expansion,  and  a  strong  current  is  produced. 

These  currents  far  surpass  in  velocity  those  of  the  ocean,  and  prodnoe 
phenomena  of  which  it  will  only  here  be  possible  to  hint  at,  referringthe 
punil  for  full  information  on  the  interesting  subject, -tb  the  works  of 
Col.  Reid,  the  father  of  a  theory,  «rhich  deserves  the  endless-  gratitade 
of  the  Navigator;  and  who,  by  uuweafied  observation  and  ceaseless 
enquiries  on  the  subject,  has  reduced  his  observations  to  such  practical 
rules,  that  the  Navigator,  when  lucklessly  overtaken  by  the  wild,  over- 
whelming Cyclones,  (a  name  given  to  those  rotary  storms,  from  the  snake- 
like coil  they  make  in  their  progress,)  may  be  able  to  trim  his  vessel  to 
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meet  the  shock,  and  steer  out  of  a  peril,  only  to  be  comprehended  by 
those  who  hare  navigated  those  seas  where  they  usually  prevail.  I  would 
tkerefore  strongly  feoommend  Col.  fieids  work«,*  to  those  interested  in 
the  investigation  of  the  subject,  for  a  full  account  of  these  stormi;  the 
nature  of  Qns  volume  only  allowing  a  shght*  sketch  of  the  subject,  which 
18  humbly  offered  as  an  incitement  to  farther  and  more  satisfactory 


Trade  Winds. 

It  ia  supposed  this  name  is  given  to  certain  winds  which  prevail  in  the 
tropics  and  a  few  degrees  north  and  south  of  them;  their  direction  is  from 
the  north-east,  north  of  the  equator,  and  from  the  south-east,  south  of  the 
equator;  they  are  separated  from  each  other  by  a  region  of  calms,  where 
tluck,  foggy  air  prevails,  with  frequent  rains,  attended  by  thunder  and 
lightning ;  they  generally  extend  more  on  the  northern  side  of  the  equator 
than  on  the  south,  seldom  reaching  beyond  a  few  degrees  on  the  south 
side,  and  varying  in  breadth  between  3  and  10  degrees. 

When  the  sun  is  on  the  north  of  the  equator,  and  approaches  the  tro- 
pic of  Cancer,  the  north-east  trade  wind  extends  to  32^N.  latitude,  and 
the  wind  is  more  easterly,  but  the  parallel  of  25 ""  is  its  N.  boundary. 
The  wind  inclines  more  north  when  the  sun  approaches  his  most  southern 
declination ;  at  this  season  the  southern  boundary  of  the  south-east  trades 
extends  to  about  dO°S.  latitude,  and  continues  to  about  2^N.  of  the  line. 
The  general  width  of  the  south-east  trade  wind  is  about  9''  greater  than 
the  north-east,  owing  to  the  region  of  calms  almost  wholly  lying  on  the 
north  of  the  equator,  and  in  the  Atlantic,  these  winds  have  a  more 
easterly  direction,  sweeping  the  very  coasts  of  America. 

The  Afincan  coast  is  nearly  free  from  their  influence,  from  causes  easily 
explained,  were  jjt  necessary  to  enter  here  more  fully  into  the  subject. 
What  formerly  was  looked  on  with  astonishment  and  wonder  by  early 
navigators,  is  now  solved  by  the  careful  investigation  of  nature,  and  her 
invidable  lavrs.  The  mind  of  man,  borne  on  the  wings  of  science,  has 
explored  her  hidden  mysteries,  and  the  navigator  now  pursues  his 
traddess  path,  with  confidence  and  perfect  security,  under  the  guiding 
of  extended  knowledge. 


The  trade  winds  extend  over  that  surface  of  the  earth  which  is  heated 
by  a  vertical  sun,  and  the  air  becomes  rarefied  and  expanded;  the  conse- 
qusbce  i^  that  bodies  of  air  are  constantlv  buoyed  up  from  the  surface, 
and  the  upper  strata  flies  off  towards  the  poles,  where  it  is  cooled  and 
again  descends  «nd  rushes  back  to  supply  the  place  of  that  which  has 
been  undergoiilgthe  same  process  of  rarefaction;  tnus  a  continual  current 
of  upper  air  is  kept  up  towards  the  poles,  and  were  the  Earth  at  rest,  there 
would  be  an  under  current  from  the  poles  to  the  equator,  but  as  the 


* ."  An  attempt  to  derelope  th*  Law  of  Stomu  t"  and  "  The  progreM  of  the  Deye- 
bpcBMnt  of  the  Law  of  Storms,  with  the  practical  application  A  the  subjeet  to 
NmvifatioB/' 
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v^lodty  of  tjie  earth's  motion  on  her  axii^  in  gpr^ter  at  the  equator  than  in 
northern  and  aouthem  latitudea^  the  air  in  ita  progreas  ^m  the  pole  to 
the  equ&tor«  will  meet  wt|j^  an  increased  velocity  in  the  earth's  motioD^ 
and  not  acquiring  at  once  this  increaaed  velocity^  falls  off  towarda  the 
weatf  and  hence  what  would  be  either  a  north  or  south  windj  beeomea  a 
north  east  or  south  east  wind,  as  it  approaches  tha  equtttor,  tn:  thoaa 
regions  where  the  velocity  of  the  earth  is  tne  greatest. 

But  the  winds  which  the  Navigator  has  most  cause  to  dread,  and  the 
theory  of  which  Col.  Beid  has  reduced  to  such  practical  application,  are 
the  hurricanes  orwhirlwinds,  which  burst  acrosshis  path  at  Uie  rate  of  from 
3  to  43  miles  an  hour ;  the  circles  at  the  commencement  of  this  Tol|^me« 
kindly  distributed  by  Col.  Reid  for  the  use  of  the  Navigator,  will  ahew 
how  these  gales  revolve  in  each  hemisphere,  and  if  placed  on  a  chart,  will 
serve  "  to  aid  the  memory  mMst  considering  how  the  wind  veen  in 
whirlwind  storms.^' 

*'  For  example,  in  the  diagram  the  trade  wind  if  supposed  to  be  Mowing 
from  the  east-north-east,  whilst  a  whirlwind  hurricane  is  moving  towards 
Barbadoes  from  the  eastward,  as  shewn  by  a  spear  head.  By  moving 
such  a  circle  onwards  in  the  same  direction,  until  it  reaches  Mrbadoea, 
the  arrows  of  the  storm  circle  will  then  represent  the  wind  in  the  hurri- 
cane, as  setting  in  at  north-by-east*  If  tne  centre  circle  be  moved  over 
Barbadoes,  the  arrows  on  the  dppoaite  side  of  the  circle  will  represent  the 
wind  of  the  hurricane  as  ending  at  south  by  west/'* 

It  is  supposed  that  in  the  tropics  near  the  equator,  the  atoms  ot 
Cyclones,  as  they  are  now  generally  9alled,  moye  nearly  direct  firom  the 
east  towards  the  west,  in  a  northerly  direction,  in  the  northern  hernia 
sphere,  and  in  a  southern  direction  on  the  south  Ade  q{  the  equator, 
until  tibey  %rriye  about  the  latitude  20**,  when  they  again  curre  towards 
the  east. 

The  rate  at  which  these  storms  travel,  yaries  considerably  in  difhrent 
parts  of  the  world;  according  to  Mr.Redfield's  remarks,  the  highest  rate 
at  which  the  West  Indian  and  North  American  storms  travel,  is  about  49 
miles  an  hour,  and  the  lowest  about  9  miles,  but  in  the  Indian  Ocean, 
their  rate  of  traveUins  is  not  greater  than  9  to  10  miles  an  hour,  and 
in  the  Bay  of  Bengal  the  average  rate  may  be  taken  at  fron  3  to 
15  miles;  some  of  the  most  violent  hurricanes  have,)ioweTer,  progreased 
even  at  a  diminished  rate  of  2^  miles  an  hour. 

These  revolving  storms  sometimes  extend  over  a  wide  spaee  oeoa- 
sionally  contracting  and  dilatung  in  their  progress,  and  nave  been 
known  to  increase  from  60  to  600,  and  sometimes  1000  miles  in  dia- 
meter, but  as  it  would  be  imposedble  in  a  work  of  this  sort,  to  enter  fully 
intb  such  a  subject,  I  will  close  these  few  remarks,  given  with  a  view  to 
awaken  the  attention  ef  the  Navigator,  by  making  the  fcAowing  ex- 
tract from  CoLReid's  work,  who  has  kindly  given  me  casta  (^the  aooom- 
panying  figures  to  illustrate  his  rules  for 


^wv^ttr 


^  The  proprew  of  the  derdopement  of  the  Law  of  Stormi,  by  Col.  Beid,  chap.  1»  p.S 
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Laymg  9kip»  to  in  kurricanea, 

"  That  tack  oo  wluch  a  ship  should  be  lud-to,  in  a  hurricane,  has 
bitberto  been  a  problem  to  be  solved,  and  is  one  which  seamen  have  long 
fxnimdered  iraportaat  to  be  ezphuned.  * 

In  tlteM  tempests,  when  a  vessel  is  lying-to,  and  the  wind  veers,  by 
tbe  ship's  head,  ahe  is  in  duiger  of  getting  stern-wav,  ena  when  no  sail 
is  set ;  for  in  a  barrieaDe,  the  wind's  force  upon  the  ship's  masts  and  yards 
alone,  will  prodnc*  this  effect,  should  the  wind  veer  a-head ;  and  it  is 
sopposed  that  vessels  have  often  foundered  firom  this  cause. 

When  t^  wind  veers  aft,  as  it  is  called,  or  by  the  stem,  this  danger  is 
AToaded;  and  a  ship  then  oomM  t^  to  the  wind,  instead  of  falhng  offfrom 
it. 

Id  order  to  define  the  two  sides  of  a  storm,  that  ^de  will  be  called 
tlie  rigfat-hiuid  semi-eircle,  which  is  on  the  rieht  of  a  storm's  course,  as 
^re  look  in  the  direction  in  which  it  is  movuig,  just  as  we  speak  of  the 
right  bank  of  a  river.  In  tiie  two  next  figures,  the  central  track  or 
courses  are  shown  by  spears,  and  their  directions  by  the  spear  beads. 

if  it  be  desired  to  lay  a  ehni  to,  in  a  revolving  storm,  so  that  she  shall 
come  ip  to  the  wind,  instead  tafaiUng  vff  from  it,  the  rule  will  be,  when 
in  the  right-hand  semi-circle  to  heave-to  upon  the  itarboard  tack,  and 
when  in  the  left-hand  semi-circle  to  heave-to  upon  the  part  tack,  in 
both  hemispheres. 

Figure  fttr  the  northern  hemiiphere. 

Prqpo'  North, 
■DdWind  But. 


Ship  oa 
SUrboud 


it  \^ 
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The  first  ofiiKese  two  figures  is  inlended  to  represent  one  of  tlie  West 
Indian  horricanes^  moving  towards  the  north-west  by  north,  in  the 
direction  of  the  spear  drawn  obliquely.  The  commahder  of  a  ship  can 
ascertain  what  part  of  |  circular  storm  he  is  falling  into,  by  obaearving 
how  the  wind^bemis  to  veer;  thus,  in  the  first  figure,  the  ship  which 
falls  into  the  nghPband  semi-cirde,  would  receive  the  wind  at  firsf^  about 
ea8t-by*north>,buff[t  would  soon  veer  to  east,  as  the  storm  passes  onwards ; 
the  ship  which  falls  into  the  left-hand  semi-circle,  would  at  first  'receive 
the  wind  at  north-east  ;«but  with  this  latter  ship,  instead  ofveetiDg 
towards  east,  it  would  veer  towards  north.  .-. 

The  explanation  of  the  rule  will  be  best  made  out  by  attentively  in- 
specting the  two-figures.  In  both,  the  black  ships  are  on  the  tad(s  on 
which  the  ships  will  come  up  to  the  wind,  the  white  ships  on  the  taeks  on 
which  they  mil  fall  off. 

The  second  figure  is  intended  to  represent  one  of  those  hurrican^in 
south  latitude,  which  pass  near  the  Mauritius,  proceeding  to  the  ^flth- 
westward. 

The  whirlwind  is  supposed  to  be  moving  south- west-by-soutb,*  in-  the 
direction  of.  the  spear  head.  It  will  be  seen  that  the  blqck  ihifi  v^ 
always  coming  vp^  and  the  white  ships  always  breaking  off;  and  that'they 
are  on  opposite  tacks  on  opposite  sides  of  the  circles.  .  ^.     ^ 

Figwre  for  the  southern  hemisphere. 

Pruper  North, 
and  Wind  West. 
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Proper  South, 
and  Whid  East. 


This  will  be  the  rule  for  laying  a  ship  to  in  a  involving  gale,  when  it 
shall  be  desired  that  she  shall  come  up  to  the  wind. 
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From  this  role  it  follows  that,  if  two  ships  be  hove-to^thin  the  com- 
pB88  of  the  same  revolving  gale,  and  on  the  same  tack,  and  the  one  ship 
comes  up,  whilst*  the  other  falls  off,  the  centre  of  that  revolving  gale  will 
be  passing  between  them.  ^ 

This  will  assist  in  judging  approximately  of  the  tmck*^ gales  may  be 

following,  even  in  the  case  of  single  ships.  -    >« 

• 

There  are  however,  reasons  for  modifying  this  rule.  If  we  look  at  the 
black  ships  in  the  left  hand  semi-circle,  of  the  figure  in  the  northern 
henHspherCy  and  in  the  right  hand  semi-circle,  of  the  figure  in  the 
southern  hemisphere,  it  will  be  seen  that  these  black  ships  point  with 
their  heads  towards  the  storm's  centre;  if  they  forge  a-head,  they  will  draw 
towards  the  storm's  central  track.  It  may  therefore  be  preferable,  as  a 
general  rule,  when  heaving-to  in  a  revolving  gale,  to  bring  the  ship  to  the 
wind  on  the  starboard-t&ck,  when  on  the  north  side  of  the  equator,  and  on 
the /lor/- tack,  when  on  the  south  side  of  the  equator;  then  will  the  ships, 
when  shooting  a-head,  be  gradually  moving  away  from  the  storm's 
centre."* 

The  Progress  of  the  Developement  of  the  Law  of  Storms, 
'  page  24,  Col.  Reid. 


THE   BAROMETER. 

This  useful  instrument  is  of  leading  importance  to  the  mariner, 
therefore  a  few  remarks  on  its  construction,  property  of  measuring  the 
weight  of  the  air,  and  the  variations  of  its  pressure,  in  order  to  deter- 
mine the  changes  in  the  weather,  the  heights  of  mountains,  &c.  may 
lead  to  a  more  careful  examination  of  its  fluctuations,  and  hence  a  better 
acquaintance  with  its  great  and  useful  qualities. 

It  was  invented  by  Torricelli,  an  Italian,  about  the  middle  of  the  I7th 
century.  He  took  a  glass  tube  about  3  feet  long,  open  at  one  end  only, 
and  having  filled  it  with  mercury,  he  placed  the  open  end  in  a  cup  con- 
taining the  same  fluid  metal,  taking  care  that  no  air  was  admitted  into 
the  tube,  and  likewise  that  no  metal  escaped  out  of  it.  When  the  tube 
was  raised  perpendicularly,  he  found  that  a  portion  of  the  mercury  de- 
scended into  the  cup, — the  height  of  the  column  of  metal  in  the  tube 
being  only  about  30  inches, — from  this  he  inferred  that  the  atmosphere 
pressed  on  the  surface  of  the  mercury  in  the  cup,  and  forced  it  up  the  tube 


*  The  Diaraal  Register  for  Barometer,  &c.  published  by  me,  is  well  adapted  for  the 
ranmrks  of  the  Navigator,  both  as  relating  to  the  Winds,  and  state  of  the  Atmosphere ; 
the  plan  and  method  of  keeping  the  registry  are  easy,  and  will  save  mach  troable,  a  sim- 
ple dot  marking  the  state  of  the  Barometer ;  a  scale  of  numbers,  denoting  the  force  of  the 
Wind,  and  letters  of  the  alphabet,  indicating  the  state  of  the  Weather.  This  method  is 
used  in  the  Nary,  and  at  the  Observatory  at  Greenwich. 
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to  tlxaihtigjxi,  because  a  columnof  air  from  the  cap  to  the  iep  of  the  eimo 
phere,  was  only  equal  to  the  pressure  arising  from  the  weight  ef  a  eolam 
of  mercury  of  the  same  hose  and  30  inehes  Ingh. 

Several  experiments  were  made  by  different  philosophers^  all  tending 
to  confirm  the  Torricellian  principle  ;  though  to  rend^  the  instrument 
fit  for  sea  observations,  the  measurements  of  altitudes,  fcc.  great  altera- 
tions were  obliged  to  be  made,  and  the  present  Marine  Barometer,  when 
properly  made,  has  arrived,  by  a  succession  of  careful  experiments,  at  such 
a  degree  of  perfection  as  to  afford  the  mariner  the  most  satisfactory  means 
of  ascertaining  the  approaching  atmospheric  changes,  and  thus  enables 
him  to  prepare  for  the  sudden  bursting  of  storms,  to  which  he  is  so  ex- 
posed in  his  path  across  the  trackless  ocean. 

The  law  of  storms  is  daily  becoming  more  developed,  not  only  by  the 
investigations  of  the  philosopher,  but  by  the  careful  observations  (tf  some 
of  our  intelligent  Navigators  in  the  Merchant  service,  who,  from  expe- 
rience, speak  with  the  greatest  confidence  in  the  BaiXHnoter,  as  a  sore 
indicator  of  approac^ng  bad  weather. 

The  changes  of  the  weather  seldom  produce  a  variation  in  the  height 
of  the  mercury,  which  passes  the  limits  of  28  and  31  inches^  which  is 
therefore  a  sufficient  length  for  the  graduated  scale. 

Mr.  Redfield's  explanation*  of  the  true  cause  of  the  fall  and  rise  of 
the  barometer,  in  gales  of  wind,  is  of  the  highest  importance. 

He  says,  "  that  a  whirlwind  which  sets  an  extended  portion  of  the 
atmosphere,  into  a  state  of  rapid  revolution,  diminishes  the  pressure  of 
the  atmosphere  over  that  .portion  of  the  earth's  surface,  and  most  of  aU 
at  the  centre  of  the  whirl.  The  depth  of  the  compressing  column  of 
air  will,  at  the  centre,  be  least,  and  its  weight  wnl  be  dmiinished  in 
proportion  to  the  violence  of  the  wind." 

This  idea  may  be  exemplified  by  taking  a  tumbler  half-fiill  of  water, 
and  after  putting  the  water  into  rapid  revolution,  holding  it  up  against 
a  strong  bght ;  the  surface  of  the  water  will  be  seen  to  be  depressed  in 
the  centre  of  the  whirl. 

The  liouid  will  serve  to  represent  the  atmosphere,  and  if  the  tumbler 
be  movea  over  a  fixed  point,  in  the  manner  in  which  a  progressive 
whirlwind  mle  would  move  over  it,  it  will  show  how  the  barometer 
begins  to  rail  as  the  storm  sets^  in ;  how  it  continues  to  fall  until  the 
centre  has  passed,  and  afterwards  rises  and  resumes  its  former  level 

Col.  Reid  says,  (page  19)  that  his  own  observations  confirm  the  truth 
of  this  important  explanation ;  he  likewise  observes,  that  great  whirl- 
winds, by  lowering  the  upper  atmosphere,  bring  down  portions  of  the 

*  For  Mr.  Rediield'i  tcientifie  explanation  of  the  cantei  wbich  prodnot  tbe  fiUl  of  a 
Barometer,  oa  the  approach  of  a  storm,  lee  page  19  of  Col.  Reid'a  Derdopcmait  ef  the 
I^aw  of  Storma. 
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collie  regionB  of  the  air,  and  these  mingling  with  the  warmer  and 
moiater  air  at  the  8ur£Ei.ee  of  the  sea,  form  dense  clouds.  In  these  gy- 
rations it  sometimes  happens,  that  the  barometer  falls  as  much  as  two 
in<^e8,  diminiflhing  the  atmoq>heric  pressmre  by  -^^  part ;  and  it  may 
be  expected,  as  a  natural  consequence,  that  very  dense  clouds  should 
then  be  formed,  such  as  seamen  describe  in  tempests. 

In  the  northern  hemisphere  within  the  tropics,  the  barometer  usually 
falls  with  a  northerly  wind,  because  whirl?rinds  come 'from  the  eastward. 
But  in  the  southern  hemisphere,  within  the  tropics,  the  barometer 
usually  fsdis  with  a  southerly  wind,  because,  although  whirlwinds  there 
also  come  from  the  eastward,  they  reyolve  in  a  contrary  direction  south 
of  the  equator. 

In  both  hemispheres,  reYolving  ^ales  blow  with  a  west  wind,  on  the 
side  next  the  equator.  In  recurymg,  in  both  henusphere,  whirlwind 
storms  will  have  a  polar  direction  for  a  while ;  the  barometer  during 
that  time,  wiU  begin  to  fall  with  easterly  winds,*  but  after  they  haye 
recuryed,  and  are  moying  easterly,  the  barometer  will  fall  with 
southerly  winds,  in  the  northern  hemisphere,*  and  with  northerly 
winds,  in  the  southern  hemisphere;  but  the  aboye  explanation  has 
exceptions. 

The  words  on  the  plates  of  the  Barometer  are  not  so  strictly  to  be 
obsenred,  as  the  rising  and  falling  of  the  mercury,  for  if  it  stand  at 
Much  Bain  and  then  rise  to  Changeable,  it  presages  hit  weather,  though 
not  to  continue  so  long  as  though  the  mercury  had  risen  higher ;  and  so 
on  the  contraryp  if  the  mercury  stand  at  Fair,  and  then  fall  to  Changeable, 
it  presages  bad  weather^  though  not  so  much  as  if  it  had  sunk  lower. 

From  this  it  appears  that  it  is  not  from  the  point  at  which  the  mercury 
may  stand,  that  we  are  to  form  a  judgment  of  the  state  of  the  weather, 
bat  from  its  being  in  a  state  of  rising  or  falling;  therefore  it  is  necessary 
to  attend  to  the  following  directions : 

1st.  If  the  mercury  is  in  a  rising  state,  it  stands  higher  in  the  middle 
of  the  tube  than  at  tne  sides. 

Snd.  If  the  middle  be  holloW;  it  indicates  its  fall. 

3rd.  If  leyel,  it  is  steady. 

4th.  Before  obsenration  gently  tap  the  barometer  near  the  top,  as  the 
mercuxT  will  occasionally,  where  the  tubes  are  small,  slightly  hang  to  the 
sides  of  the  glass,  and  preyent  its  predicting  any  yery  dehcate  change, 
which  may  haye  taken  place  in  the  air. 

The  following  explanation  of  the  scale  and  yemier^  and  examples  to 
shew  the  manner  of  reading  them,  may  be  of  use. 

The  scale  is  diyided  to  inches  and  tenths,  and  again,  by  meaiui  of  the 
yemier,  subdiyided  into  hundredths  of  an  inch;  the  obseryations  are 
therefore  better  made  from  the  figures  than  the  words. 
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Example^  Suppose  the  mercury  to  stand  nearly  a  tenth  above  30,  turn 
up  the  vernier  till  the  top  stands  even  with  the  surface  of  the  mercury, 
and  observe  which  of  its  divisions  or  figures  exactly  coincides  with  any  oue 
of  the  divisions  on  the  barometer  scale ;  suppose  9  on  the  vernier  to  agree 
with  one  of  the  lines,  the  height  of  the  mercury  as  then  shewn,  will  be 
30  in.  -09,  that  is  30  inches  and  9  hundredths  of  an  inch  from  the  level 
of  its  surface  in  the  cistern. 

Example  2.  Suppose  the  mercury  to  stand  a  little  below  the  30,  but 
not  a  tenth  below,  set  the  top  of  the  vernier  level  with  the  mercury,  and 
suppose  6  on  the  vernier  to  coincide  with  one  of  the  lines  on  the  baro- 
metrical scale,  the  height  of  the  mercury  will  then  be  29  in.  '96  (hun- 
dredths) or  rather  more  than  9^  tenths  above  29  inches. 

The  greatest  height  of  the  mercury  is  observed  when  an  easterly  or 
northerly  wind  prevails.  Within  the  tropics,  and  near  them,  the  changes 
and  alterations  in  the  weather  make  little  or  no  variation  in  the  height  of 
the  mercury.  In  the  eastern  seas,  where  sudden  and  violent  storms  are 
so  frequent,  the  barometer  is  not  found  so  sensitive  as 


THE    STMPIESOMETER, 

which  is  now  coming  into  very  general  use,  and  is  considered  by  some  to 
be  more  sensitive  than  the  barometer,  often  predicting  approaching  storms 
several  hours  before  hand,  and  the  oil  again  beginning  to  rise  when  the 
gale  has  reached  its  height,  even  though  it  may  continue  to  blow  for  some 
hours  afterwards. 

In  this  instrument  a  lively,  elastic,  confined  gas  is  used,  which  presses 
on  the  confined  surface  of  the  liquid,  with  an  uniform  pressure  at  an 
equal  state  of  temperature.  The  liquid  is  raised  or  depressed  by  increase 
or  diminution  of  atmospheric  pressure,  and  the  change  of  temperature 
allowed  for,  by  the  sliding  scale  of  the  sympiesometer  being  always  set 
to  agree  with  the  height  of  the  mercury  in  the  thermometer  attached  to 
the  instrument,  in  the  following  manner;  bring  the  pointer  attached  to 
the  sliding  scale  of  the  sympiesometer,  to  the  same  degree  on  the  inverted 
scale  over  which  it  slides,  as  is  indicated  by  the  attached  thermometer, 
the  height  of  the  oil,  as  then  shewn  by  the  sliding  scale,  will  indicate 
the  pressure  of  the  atmosphere. 

Suppose  the  temperature  marked  by  the  thermometer  to  be  52,  then 
slide  the  moveable  scale  until  the  pointer  is  over  52  on  the  inverted  scale, 
and  the  top  of  the  red  fluid  stands  opposite  the  second  division  above  the 
third  tenth,  higher  than  the  number  30;  the  height  at  which  theinstra- 
ment  then  stands  will  be  30  inches  3  tenths  and  a  half ;  the  tenths  are 
drawn  longer  to  distinguish  them  from  the  half  tenths,  and  the  quarters 
still  shorter  than  the  halves ;  in  some  instruments  the  tenths  are  ag^ 
subdivided  to  shew  hundreds,  but  the  above  method  is  now  usually 
adopted,  as  being  sufficiently  minute.     The  circular  register  at  the 
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bottom  of  the  frame,  is  set  by  turning  the  diyision  on  it,  corresponding 
to  that  indicated  by  the  sympiesometer,  to  the  index. 

When  the  oil  ginks,  bad  weather  may  be  expected,  and  on  the  con- 
trary when  it  rises,  the  weather  will  in  general  be  fine.  As  the 
instrument  is  so  delicate,  great  care  should  be  taken  in  the  construction, 
and  likewise  in  adjusting  the  sliding  scale  to  the  change  of  temperature. 

THE   THERMOMETER 

is  an  instrument  used  for  measuring  heat,  formed  on  the  principle, 
that  the  expansions  of  matter  are  proportional  to  the  augmentation  of 
temperature  ;  a  common  thermometer,  therefore,  is  merely  an  instrument 
in  which  very  minute  expansions  of  the  mercury  may  be  rendered  per- 
ceptible ;  and  in  this  way  it  is  applied  to  ascertain  the  degrees  of  atmos- 
pheric heat  and  cold ;  of  late  years  it  has  become  of  great  use  at  sea,  in 
ascertaining  approaches  to  land,  iceberg,  sand-banks,  &c.  It  is  an  in- 
strument in  too  general  use,  to  requu'e  a  minute  description  of  its 
construction. 


A   FEW   BRIEF   DIRECTIONS   TO   FIND   THE   PRINCIPAL 

FIXED    STARS. 

The  most  conspicuous  Northern  Constellation  is  Ursa  Major ^  the 
Great  Bear,  in  wnich  are  seyen  bright  stars  between  the  first  and  third 
magnitudes.  The  two  stars  in  the  body,  most  distant  from  the  tail,  are 
usually  called  the  Pointers,  from  their  pointing  to  the  Pole  star,  distance 

About  46'  South  from  the  Pole  Star,  and  about  48®  West  of  the 
northern  pointer,  bearing  a  little  to  the  south,  is  Capella,  and  a  line 
from  the  role  Star  through  Capella,  will  pass  through  Rigel,  distance 
from  Capella  54°. 

A  line  S.W.  from  Capella,  will  pass  through  the  Pleiades^  distance 
about  28®  and  nearly  through  Menkar,  23®  distance  from  that  nebulous 
duster. 

About  7^""  S-  b  S.  from  Capella  is  /3  Auriga ;  nearly  S.E.b.E.  in  a 
line  between  Benetnasch,  (the  Star  in  the  point  of  the  tail  of  the  Great 
Bear,)  and  Deneb  in  the  tail  of  the  Lion,  is  Cor  Caroli,  distant  from  the 
latter  28'',  and  from  the  former  14^® ;  a  line  S.W.  from  Cor  Caroli 
will  nearly  pass  through  Arcturus,  distance  25®.  About  19®  E.I^'.E.  of 
Arcturus,  is  Alphacca,  the  brightest  star  in  the  Northern  Crown. 

A  line  from  Arcturus,  through  the  Northern  part  of  the  Crown  will 

?)int  out  Vega  in  Lyra,  distance  59®.     E.N.E.  of  Vega,  is  a  Cygni ; 
ega,  aCygni,  with  the  bright  star  aAquike,  form  nearly  a  right- 
angled  triangle.    aAquUceiA  distant  from  Vega  34^"*,  and  from  aOygnt 
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From  aOygmj  m  aN.E.  direction,  and  distance  39*,  ift  fiCasriopria, 
and  to  the  southward  of  both  stars,  nearly  at  the  same  distajice  firon 
both,  is  Scheat  in  Pegasus,  forming  a  large  triangle  in  the  heayens. 

A  little  to  the  south  o{  Scheat,  is  Markah.  Cassiopeia  is  a  remark- 
able constellation,  five  bright  staors  in  it,  forming  a  kind  of  W,  andthej 
are  nearly  at  the  same  distance  from  the  Pole  Star,  as  those  of  the 
Great  Bear,  on  opposite  sides. 

A  line  from  /SCassiopeia,  and  passing  aCassiopeia  or  Schedir,  distance 
5;  and  forming  the  most  southern  angle  ot  the  W,  and  through 
AlmoMh,  distance  from  Schedir  1 9^"*,  will  lead  to  the  little  nebulous 
cluster  Musca.  About  13"*  W.S.W.  of  Almaach,  is  Mir<xch,  both  in 
Andromeda,  nearly  E.  from  Alnuiach,  distance  12®  is  Algol.  TS^J^- 
of  Algol  at  9\'*  distance,  is  Algenib,  a  line  trom  Algenib  through  Alffol 
wiU  intersect  Musca ;  Algenib,  Musca,  and  the  Pleiades,  whieh  are  a 
little  to  the  £.  of  Musca,  will  form  a  long  triangle. 

Fixed  Stars  in  or  near  the  zodiac. 

Nearly  S.E.b.E.  from  the  Pleiades,  distance  14'',  is  the  bright  red- 
looking  otar  Aldeharan.  16®  in  a  S.E.  dbreotion  from  this  star,  is  the 
beautiful  Constellation  of  Orion. 

BeUatrix  one  of  the  north^*n  Stars,  is  IG""  distant  from  Aldebaran, 
and  Betelguex  the  other  &<Mrthem  Star,  distant  7^"*  from  the  latter ; 
S.W.  at  lO"*  distance  are  three  stars  of  the  second  magnitude,  nearly  in 
a  line  with  each  other,  called  Orion's  Belt ;  a  line  from  Betelguex 
through  the  middle  Star  in  the  belt,  will  pass  close  to  jRigel,  distanoe 
19^  from  Betelguex. 

A  line  S.E.  tiirough  the  three  Stars  in  tlie  belt,  will  cross  Siriue,  the 
Dog  Star,  one  of  the  most  brilliant  in  the  heav^A,  at  23*  distance  from 
the  centre  star  of  the  belt.  N.E.  of  SiritUy  distance  23*  is  Procyon. 
Siritis,  Procycn,  and  Betelguex  form  an  equilateral  triangle^  and  tnese 
two  fii^t  being  of  the  first  magnitude,  are  ^unly  recognised. 

^  A  line  from  Procyon  wiU  intersect  Pollux^  distance  22^* ;  and  5 
N.W.  of  PoUux  is  Castor ;  37**  from  Procyon  E.  b.  N.  is  Eegulus.  A 
line  from  Procyon  through  Regulus,  will  pass  through  Deneb,  or  fiheoms 
a  littie  north  of  the  same  line  is  Arcturus  85"*  from  Deneb ;  S.E.  35* 
from  Deneb  is  Spica,  these  three  last  Stars  nearly  equidistant  from  each 
other,  form  a  large  triangle.  A  line  from  Regulus  tht'Ough  Spica,  iriH 
pass  Antares,  distant  from  the  latter  45  J*. 

About  14*  N.E.b.E.  from  aAquilm,  ahready  mentioned,  is  the  Con- 
stellation Delphinus,  known  by  four  bright  stars  dose  togetiher.  Nearly 
S.E.  from  oAquike,  aad  distanoe  58^%  is  FomaOumi;  a  line  from 
oAquilce  through  Delphimis,  will  nearlr  cross  Scheat  at  the  distance 
48it  .  13*  S.  from  Scheaty  is  Marcab.  14*  due  E.  from  Soheat, 
is  Alpheratz,  and  nearly  directly  S.  otAlpheraU,  distanoe  14*  is  Algenib 
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— these  four  bright  stars  forming  a  square.     Nearly  in  a  line  between 
M^nkar  and  the  Pleiades  is  Arietis. 


Southern  Fixed  Stars. 

A  line  from  Aldebaran  through  Bigel  will  nearly  cross  aOolonUHBi 
distance  from  the  latter  26^^  and  a  little  fmrther  will  pass  Caruyms, 
distance  from  Rigel  46*".  Canopus  is  likewise  nearly  S.  of  Siriue,  dis- 
tance from  it  36^°.  A  line  from  Betelguex,  through  ^mu9  and  distant 
73""  from  the  latter  Star,  is  the  beautiful  Southern  Cross,  consisting  of 
foyr  bright  Stars.  10°  E.  from  the  centre  of  the  Cross  is  /8  Centauri, 
and  a  few  degrees  farther  £.  is  a  Centauri,  both  Stars  of  the  first  mag- 
nitude, and  merefore  easily  distinguished.  To  the  £.  of  a  Oentaurii 
about  42*,  is  Payo,  and  about  40""  £.  of  Payo  is  Achemar,* 


*  Hm  PLANiSPttiBi  AUD  Ik&BCTiONB,  {mbHibed  bj  m»  for  tlio  QMoftbe 
Kvngttor,  win  gW»  further  puilcidarB  and  a  m«re  extended  knowledge  of  the  fixed 
itafiy  and  their  poaitums  with  reapeet  t»  eadi  other. 
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THE  LOG  BOOK^  OR  JOURNAL, 


Should  contain  a  correct  register  of  all  the  yarious  oocnrrences  wbich 
take  place  onboard  of  a  ship,  whether  in  port  or  at  sea^  That  part  of 
the  log-book  which  relates  to  the  transactions  on  board  while  the  ship 
is  in  port,  is  called  the  harbcvr  work  or  the  AarAwr  log.  That 
which  contains  aA  account  of  the  courses  steered,  winds,  cmrent^  makii^ 
or  Bhoi*tenin^  sail,  and  in  shorty  all  that  concerns  the  navigation  of  the 
ship  at  sea,  in  order  to  determine  her  true  situation  at  any  required 
time,  constitutes  what  is  called  the  sea  log.  With  the  former  therefore 
the  navigator  may,  strictlY  speaking,  be  said  to  haye  little  or  nolhine 
to  do,  bis  journal  properly  commencing  at  the  time  of  what  is  called 
taking  his  departure, — ^that  is  of  taking  (at  the  time  of  leaving  theland) 
the  exact  bearing  of  some  point  or  place,  the  true  latitude  and  longkuda 
of  wliich  are  known,  together  with  the  estimated  distance  of  the  said 
point  or  place  from  the  ship.  The  former  being  obtained  by  compass, 
the  latter  is  commonly  estimated  by  the  eye ;  it  may  however,  be  mudi 
more  correctly  ascertained  by  the  following 
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The  TMe  *  is  to  be  entered  with  the  number  of  points  contidned 
between  the  ship's  head  and  the^r^t  bearing  of  the  object  at  the  top, 
and  wiii  the  number  of  points,  reckoned  the  same  way^  between  the 
afaip's  head  and  the  second  beariiig,  at  the  side ;  the  nmnber  in  the  table 
at  the  intersection  of  the  two  columns  being  multiplied  by  the  distance 
mn,  is  the  distance  from  the  object  at  the  time  tne  last  bearing  was 
taken. 

Example. — ^The  Eddystone  bears  N.W.  and  aft^  running  W.  by  S. 
8  miles,  it  bears  I^.N.£. ;  the  number  of  points  between  W.  by  S.  and 
N.W.  is  5,  and  that  between  W.  by  S.  and  N.N.E.  is  11,  then  under  5 
points  at  tiie  top,  and  abreast  of  11  points  at  the  side,  stands  the  num- 
Der  0*9,  which  being  multiplied  hj  8,  gives  7*2  miles,  the  distance  at 
the  time  of  the  last  (N.N.E.)  bearmg. 

If  the  bearings  are  observed  to  quarter  points,  the  numbers  may  be 
taken  out  aceox^Ungly.    This  needs  no  example. 

The  bearing  and  distance  of  the  place,  from  which  the  departure  is 
taken,  being  estimated  or  computea,  is  set  down  in  the  column  of  re- 
marks 01^  the  log-board,  on  which  board  the  other  courses  and  distances 
made  during  the  day,  are  also  entered  in  their  proper  columns.  The 
setting  and  drift  of  currents,  with  the  estimated  effect  of  the  swell  of  the 
sea,  are  also  inserted  in  the  column  of  remarks,  which  must  likewise 
contain  an  account  of  the  weather,  and  of  every  occurrence  which  may 
be  deemed  of  importance,  particularly  of  the  variation  of  the  compass. 
The  lee-way  is  usuaUv  entered  in  a  column  appropriated  for  that  pur^ 
pose,  unless,  as  is  the  practice  on  board  some  ships,  the  courses  are 
corrected  for  lee-way  by  .the  officer  of  the  watdi,  before  he  puts 
them  down  on  the  log-board.  The  particulars  on  the  lo^-board  are 
transcribed  every  day  at  noon,  into  the  log-book,  which  is  ruled  and 
divided  in  the  sai^e  mLner  as  the  log-board 

Thelee-wav  is  the  angle  which  the  line  of  the  ship's  apparent  course 
makes  with  the  line  she  really  describes  through  the  water,  for  when  a 
ship  is  close  hauled,  and  the  wind  blowing  fresh,  that  part  of  its  force 
which  is  directed  against  the  hull  aifl  rigging,  together  with  a  consider- 
able portion  of  its  action  upon  the  sails,  tends  to  drive  her  immediately 
from  the  direction  of  the  wind,  or  what  is  termed  to  lee-ward.  But 
since  the  bow  of  a  ship  exposes  less  surface  to  the  water  than  her  side, 
the  refflstance  will  be  less  m  the  first  ease,  than  in  the  second,  conse- 
quently, the  velocity  in  the  direction  of  her  head,  will  in  most  cases  be 
greater  than  in  the  direction  of  her  idde,  and  her  real  coxnise  will  be 
between  those  two  directions. 

Now  since  the  quantity  of  lee-way  a  ship  makes^  must  greatly  depend 


TWi  TMe  ig  copied  from  the  Nautical  Magazine,  a  small  work  in  monthly 
paita,  tu^bHj  dewTfing  the  attention  of  every  Navigator,  from  the  valuable  information 
it  coataina  on  aQ  aul^ects  relative  to  maritime  affair,  and  liVewise  from  its  being  a 
ebuMi,  though  which  the  mariner  may  make  known  hif  discovcrica  for  the  benefit 
of  hia  brethren  from  time  to  tune. 
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upon  the  trim  of  the  yessel,  the  quantitj  of  sail  she  is  under,  and  a 
variety  of  other  causes,  no  accurate  rule  can  be  laid  down  for  deter- 
mining at  all  times,  the  quantity  of  lee-way  that  ought  to  beifiowed; 
the  following  are,  however,  the  rules  generally  given  for  this  purpose, 
independent  of  observation. 

1.  When  a  ship  is  close  hauled,   has  all  her  sails  set,  the  water 

smooth,  with  a  light  breeze,  she  is  supposed  to  make  little  or 
no  lee-way. 

2.  When  the  top-gallant  sails  are  handed,  allow  one  point. 

3.  When  under  double-reefed  sails,  allow  one  point  and  a  half. 

4.  When  under  close-reefed  top  sails,  allow  two  points. 

5.  When  the  top-sails  are  handed,  allow  three  points  and  a  half. 

6.  When  the  fore-course  is  handed,  allow  four  points. 
7-  When  under  the  main-sail  only,  allow  five  points. 

8.  When  under  the  balanced  mizen  or  n\izen-stay-6ail,   allow  six 

points. 

9.  When  under  bare  poles,  allow  seven  points: 

The  foregoing  allowances  depending  entirely  upon  the  quantity  of 
sail  set,  are  from  a  variety  of  causes,  well  understood  by  the  practical 
seaman,  far  too  vague  to  be  relied  on. 

The  quantity  of  Ifee-way  the  ship  makes,  may  be  very  accurately 
determined  as  follows,  provided  the  ship  be  kept  steady  to  the  wind, 
during  the  operation.-r-Let  a  semicircle  be  described  upon  the  tafirsdl 
with  its  diameter  at  right  angles  to  the  ship's  keel,  and  itsdrcumference 
divided  into  points  and  quarters,  and  having  a  low  crutch  or  swivel  in 
its  centre.  Then  after  heaving  the  log,  the  line  is  to  be  snatched  into 
the  crutch,  just  before  it  is  drawn  in ;  and  the  points  and  parts  of  a 
point,  contained  between  the  direction  of  the  log  line,  and  the  fore  and 
aft  line  of  the  semicircle,  will  be  the  lee-way. 

When  a  contrary  gale  of  wind,  accompanied  with  a  heavy  sea,  retards 
the  progress  of  the  vessel,  the  great  aim  will  be  (where  circumstances 
will  permit)  to  head-reach,  or  lay-to  on  that  tack  on  which  the  vessel 
will  bow  the  sea  best,  having  sufficient  sail  set  and  trimmed,  so  as  to 
keep  her  laying  close  by  the  wind,  with  the  helm  partly  a-lee,  or  amid- 
*ships :  the  nearer  that  tne  helm  is  amid-ships  under  such  circumstances, 
the  less  liable  it  will  be  to  receive  damage,  or  to  retard  the  vessel's 
progress.* 

The  tiller  being^now  put  partly  over  to  lee-ward,  brings  the  ship's 
head  towards  the  wind,  which  then  baving  little  power  on  her  sails,  she 
loses  her  way  through  the  water,  and  the  directive  power  of  the  rudder 
consequently  ceases,  her  head  falls  off  from  the  wind,  the  ssdl  which  she 

*  The  practice  of  lashiiig  the  helm  hard- a-lee  is  decidedly  ohjectionable  and  dangeroos 
in  a  sea-way ;  the  helm  ought  never  to  be  here  hard  up  or  down,  onleaa  to  avoid  comiDg  in 
colliiion. 
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lias  sety  again  fills,  giving  her  fresh  way  through  the  water,  which 
acting  upon  the  rudder,  brings  her  head  again  towards  the  wind ;  and 
ehe  thu^  comes  up  and  falls  off  alternately. 

The  number  of  points  upon  which  a  ship  comes  up  and  falls  off,  de- 
pends greatly  upon  the  sails  under  which  she  hes-to,  and  this  must  be 
governed  by  circumstances,  since  some  ships  will  ly-to  better  under  one 
particular  sail  than  another ;  in  lying-to  under  a  close  reefed  top-sail  and 
mizen-stay-sail,  a  ship  generally  comes  up  within  five  points,  and  falls 
off  to  seven,  but  under  storm-stay-sails  a  vessel  will  come  up  to  four, 
and  fall  off  to  seven  points  from  the  wind. 

In  recording  a  fewell  of  the  sea  (a  circumstance  that  should  be  care- 
fully noted,)  it  is  to  be  named  after  the  point  of  the  compass,  from 
which  the  waves  proceed ;  unless,  which  is  perhaps  preferable,  the  word 
'' from,'' be  introduced,  thus,  what  is  commonly  called  a  southeasterly 
stDett/  may  perhaps  be  better  set  down  as  a  swell  from  the  S,E, 

The  manner  of  reckoning  the  time  at  sea,  has  been  described  in  a 
former  part  of  this  work,  and  the  form  of  the  Log  Book  generally  used 
in  the  Merchant's  service  will  be  seen  hereafter,  we  shall  therefore 
prooeui  to  explain  ths  method  of  correcting  the  courses,  and  of  working 
what  is  called  a  day's  work  at  sea. 

The  correction  of  a  ship's  course  at  sea,  for  the  variation  of  the  com- 
pass, admits  of  the  two  following  cases. 

First. — When  the  true  course  and  variation  of  the  compass  are  given ,  to 
find  the  compass  course. 

Bulb. — If  the  variation  be  easterly ^  allow  it  to  the  left  of  the  course, 
but  if  westerly  allow  it  to  righty  and  the  point  or  degree  thus  found, 
will  be  the  compass  course  sought. 

Example. — The  true  course  from  the  ship  to  Cape  Pinisterre,  being 
S.  W.  b.  W.  what  is  the  course  per  compass ;     the  variation  beiug 

2i  points  W.? 

Answer.— W.  b.  S.  {  W, 


Examples  for  Exercise. 
In  which  the  compass  courses  are  required. 


True  Cotunes. 
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deoond* — The  course  steered  by  conquuif  and  ike  vttriaiian  of  ike 
eompase,  given,  to  find  the  true  course. 

Rule. — If  the  variation  be  easterly  allow  it  to  the  rights  bat  if 
westerly  allow  it  to  the  left  of  the  compass  course,  the  result  will  be  the 
true  course  required. 

Exan^le, — Required  the  true  course  steered  by  a  ship,  whose  oompais 
course  was  N.E.  b.  E.  |  £.  the  variation  being  1^  W. 

Answer. — ^N.E.  \  B. 

Examples  for  Exercise. 
In  which  the  true  courses  are  required. 


CompaM  Cowief  • 


SWbS^W 
WS  W  f  w 

E 
NNE 
ENE 
S45'E 
N64' W 


Varutioiu 


TraeOminei. 


2iE 
3  1  W 
2}E 

1  4  W 
2iW 
34' E 
2tf*W 


From  the  very  nature  of  lee-way,  a^  already  explained,  it  is  obvious 
that  it  must  always  be  allowed  from  the  wind,  that  is,  to  the  right 
hand  of  the  course  steered,  where  the  ship  is  on  the  larboard  tack,  and 
to  the  left  hand  when  she  is  on  the  starboard  tack. 

Example. — Suppose  a  ship  close-hauled,  sails  W.  b.  S.  with  the  wind 
S.  b.  W.  and  makes  1  point  lee-way,  which  tack  is  she  ou^  and  what  is 
her  true  course  ? 

Answer. — The  ship  is  on  the  larboard  tack,  and  her 
true  course  is  W. 


Examples  for  Exercise. 

In  which  the  courses  steered  with  the  lee-way  and  variation,  to  he 
allowed  on  each  course,  are  given  to  find  the  true  courses. 
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Cmnput 

Wiaia. 

1 

Lee  Wiy. 

Variation. 

1 

WbN 

SWbS 

i 

2i  W 

WSW            8 

1 

li£ 

1  SbW 

WbS 

2i 

3    W 

1  EbN 

NbE 

u 

2i  W 

1     ^ 

NNW 

2 

1     E 

^ 

1  NWbN 

WbS 

i 

2  J  W 

A  very  easy  metliod  of  finding  the  ship's  true  course  at  noon  is  as 
follows : 

Let  the  observer  place  himself  in  the  same  plane  with  the  masts,  and 
watch  the  son  coming  to  the  meridian.  Then  take  the  angular  distance 
between  the  masts  and  the  sun,  which  will  be  the  true  oourse  the  ship  is 
on  at  that  time. 

The  computations  to  determine  the  ship's  place  at  noon,  from  the 
■everal  courses  (corrected  as  above)  and  their  corresponding  distances  run 
■mce  the  preceding  noon,  constitute  what  is  called  a  day*$  work;  and  the 
latitude  and  longitude  of  the  ship,  deduced  from  thence,  are  called  the 
latitude  and  longitude  by  account,  or  dead  reckoning,  in  order  to  distin- 
guish them  from  the  ktitude  and  longitude  by  lunar  ^observation,  or 
chronometers. 

General  directions  for  working  a  day^s  work. 

Having  prepared  a  table  similar  to  that  used  in  Traverse  Sailing, 
enter  therein  the  several  courses  steered,  corrected  for  variation  and 
lee-way  (if  any)  and  against  each  course  place  the  whole  distance  run  by 
the  ship  while  she  continued  on  that  course,  observing  that  in  making 
out  the  first  day's  work  after  leaving  the  land,  particular  care  is  to  be 
taken  in  putting  down  the  bearing  and  distance  of  the  departure  (as  a 
first  course  and  distance)  in  the  traiverse  table,  to  make  use  of  the 
opposite  point  of  the  compass  to  that  bearing,  and  also  to  make  the  proper 
correction  for  the  variation.  Find  the  difference  of  latitude  and  depar- 
ture answering  to  each  corrected  course  and  distance,  and  put  them  down 
in  their  respective  columns,  and  from  them  find  the  di£ference  of  latitude 
and  departure  made  good  upon  the  days  run,  as  in  traverse  sailing,  with 
this  difference  of  latitude  and  departure ;  the  true  oourse  and  ustance 
made  good  are  to  be  found  by  inspection  in  the  usual  manner. 

When  the  variation  of  the  compass  is  given  in  degrees,  it  will  be  more 
convenient  first  to  correct  the  courses  for  lee-way  only,  and  with  these 
courses  and  their  respective  distances,  to  find  the  difference  of  latitude  and 
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departure^  and  thence  the  compass  course  and  the  distance  made  good 
during  the  whole  day^s  run.  This  course  being  then  corrected  for 
variation  will  give  the  true  course,  with  which,  and  the  distance  already 
found,  the  true  difference  of  latitude  and  departure  may  be  readily  ob- 
tained, and  thence  the  true  course  and  distance  as  before. 

Having  the  difference  of  latitude,  the  latitude  the  ship  is  in,  is  to  be 
^ound  by  the  rule  given  in  page  53,  and  the  difference  of  longitude  by 
Middle  Latitude  or  Mercator's  sailing,  or  by  both^  and  the  longitude  in, 
by  rule,  page  54. 

Having  thus  found  the  latitude  and  longitude  the  ship  is  in,  her  place 
may  be  pricked  off  on  the  chart,  and  the  bearing  and  distance  of  the 
intended  port,  or  of  any  place  whose  latitude  and  longitude  are  known, 
ma^  be  found  by  Case  1  of  Mercator's  or  Middle  Latitude  sailing,  for 
which  purpose  the  method  by  inspection  only  need  be  employed. 

The  bearing  thus  found  will  be  the  true  bearing,  if,  therefcnre,  the 
compass  bearing  be  required,  the  variation  must  be  allowed  according 
to  the  rule  ali^eady  given. 

The  setting  of  currents  are  to  be  corrected  for  variation  only,  and 
entered  as  courses  in  the  Traverse  Table,  the  drift  being  taken  as  a 
distance. 

When  a  ship  is  lying-to  the  middle  point  between  those  on  which 
she  comes  up  and  falls  off,  is  to  be  taken  for  her  apparent  course, 
upon  which  the  lee-way  and  variation  are  to  be  allowed  to  find  the 
true  course. 

The  following  specimen  of  the  Log  book  or  Journal,  will,  it  it 
presumed,  be  found  sufScient  to  enable  the  student  to  make  the  proper 
correction  on  the  different  courses,  and  fully  to  understand  the  method 
of  keeping  the  Journal  of  a  ship  at  sea. 

In  the  subjoined  day's  works  the  log  is  supposed  to  be  hove  every 
hour,  and  the  knot  divided  into  eight  fathoms  of  six  feet  each. 
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Ship  Queen,  from  Enoland  towards  Madbika. 
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Treyene  Table. 


True  eoones. 


S.  W.  b  S.  I W. 
S.W.  b  W.  jW. 


Dut- 


14 
112 


N. 


diff.kt. 


S. 


10-4 
47.9 


58-3 


E. 


Dep. 


9-4 
101-2 


110-6 


To  find  the  Conrie  and  distance  made  good. 

IWff-  La* 58  -Sm.  \       ,     -,  , ,  /  Con   S  •  62' W.  or  S . W.b.W.lW. 

I>«p 110 -em/        «^l»WeZ.        jj^ ^M^^ 


To  find  the  latitude  in.  &c. 

Iiat.oftbeNeedkfl 50''  40'N. 

Diff.  Lat —    58  S. 


Lat.  in  by  account 49  42  N. 

Sum  of  lata 100  22 

Mid.  lat 50  11 

Go.  mid.  lat. 39  49 

Then, 

Co.  mid.  lat 39f'       I  u    ^r  ui    o      /r^ir  , 

Dep 110-6m./  ^yTable2.    JDiff.long 173m 

To  find  the  long,  in, 

Long,  of  the  Needlei l^  34'W. 

Diff.  long,  173m «     2    53  W. 


Long.in 4     27  W. 


To  find  the  diff.  lat.  and  dep, 

Tkne  oou.  S.W.  i  W.. . . .  -4ipt».l    .     „  . .    .      /Diff.  lat  S. 
Diet. 160m.  /  ^'y  T*''*«  ^-    iDep.W.. 


101 -Sm. 
123 -7m. 


Yetterdaj'B  lat. . . 
Diff.  lot.  101  'bm. 


To  find  the  latitude  in,  &c. 

.     49*  42'N-     Mer.  pta 3447 

»       1     42  S. 


L«t  in  by  aec. 


48      0  N.    Mer.  pta. 


3292 


Sum  of  lata 97    42 

Mid.  lat 48     51 


Co.mid.lat 41 


Mer.  diff.  lat... 4.     .155 


Dep 123-7^}    ^yTd)le2    {Diff.  long. 

Srdi?:!:^.*^::::::;:.-:  th^'l^yTabiei.  {Diff.iong. 

To  find  the  long,  in 

Yeiterday's  long 4**  27'W. 

Diff.  long.  188  -fim -     3      9  W. 


188  *5m. 
188  *6m. 


Long,  in  by  ace r 7    36  W, 
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Ship  QuxBN,  from  Enoujid  towards  Mabhiba. 


Winds. 


Euiurk*,  V/aiaeiia.j,  tA.  8,1B&2. 


S.E. 
S.S.E. 
S.b,E. 


Fraah  bneca  >nd  ctondjt  wcatber. 
top-gtllant  ndb. 

[q  fint  nef  top  Muli. 

Unbent  thrc^lw  and  itowed  the  nkdMn. 

Midnight.     Breen  inCToang 


Strong  brmei  mnd  dondj 
In  KcODd  reef  top  nil*. 
Stowed  the  jib 
Clo«e  reeftd  top  saili  ukd  Kot  down  (°F- 
galliDt  yardi. 
NooD.  clondj.  Bnp  obfcnie-  Vir.2tpt'-*'' 


RenMTki,  Thnndar,  Feb.  9.  I8&1 
VM.   FrMh  gsles  with  •qoilli  and  ibnicn 
of  nin.  Haoded  tbe  nuin  nil  utd  i 

Huded  the  fbre>top  nil,  fan  ni  , 
fore-top-mut  ita^-nul  ind  brougiit  tk 
diip  to,  under  aclose  nded  mein- top-id. 
■nd  miicn  gtaj -uiL  At  ktcd  o'clock 
more  moder&te.  Set  fare  uil.  miien  ■») 
fore  ind  miien  top  Boili  cIoh  reefed,  isd 
fbre-top  m««t  »t»y-«aiL  Oot  two  reeft  ol 
top  uilS'  Sent  top  gellaat  juds  ap  ind  set 
main-top -gdlint  Mil  over  single  rerfKl 

Midnight.   Modente  uid  cloodr. 

Fur  weather:   Out  all  reef*  ortop  Baili 

Set  the  fore  uid  miien  top^gnlbnt  nili 


Vui*tioabj  an  aiimnth  22°W, 
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Traverse  Table. 


True  Connes. 


S.  W .  b*  S.  a W. 
S.S.W.fW. 
S.W.  b.S. 

S.W.4W. 

S.W.b.W.JW. 


Diat. 


25 
13 
51 

4 
14 


N. 


S. 


Diff.   lat. 


19-3 

11-2 

42-4 

2-5 

6*6 


82-0 


E. 


W. 


Dep. 


15*9 
6-7 

28  3 
31 

12-3 


66-3 


To  find  the  Coiine  and  Diatanoe  made  good. 

^■"^ «|°-}     byTd,le2.      /Cou.  8.  39-S.W.b  S  4W. 

JJcp DO  'om.  J        '  I  Dut « .     105ni«   > 


To  find  the  latitade  in,  Arc. 

Yeaterday'a  lat 480    O'N.    Mer.  pta. 

Diir.  lat.  82m »     1     22  S. 


3292 


Lat.  m  bj  accoont 46    38  N,    Mer.  pts 3171 

Mer.  diff.  lat 


Sam  of  lata 94    38 

Mid.  lat 47     19 


121 


S;."^.^;:::::. ;:::;::  66  1m.}  byTabie2.  {Diff.iong.98m. 

."/..'/.'.v..     ^  ?21m.'  }    by  Table  2.    -[ Diff.  long.  98 •2m. 
To  find  l^e  Longitude  in. 


Mer.  diff.  lat. 


Tcaterday'a  long,  by  oba 7^  25' W 

Diff.  long.  98 •2m ^     1     38  W. 

liODg.  in  by  ace 9      3  W. 


( 

Traverse  Table. 

Mag.  eoarses. 

Dist. 

12 

3 

37 

44 

Diff. 

N. 

4-6 
2  5 

7  1 
lat. 

8-6 

8-6 
71 

1-5 

£. 

w. 

W . N.  W. 
N.W.b.N. 

w. 

W.b.8. 

Dep. 

11-1 

17 

37^0 

43-2 

93-0 

.Tlie  middle  point  between  those  to  which  the 
ship,  when  lying-to,  comes  np  and  falls  off, 
corrected  for  lee-way,  togedier  with  drift 
(estimated  at  3  knots  for  the  three  hours,)  aie 
entered  as  the  second  magnetic  course  and 
distance  in  the  Traverse  Table. 


Diff.  lat.  ..     l-5m.  \,     m    «  /  Mag.  cou...S.89®W.     Mag.  course....  S.  89°  W. 
Dep 93m.  /  "T  *•  ^-  \Di,t 93m.       Var.  by  azimuth     22  W. 


Trueeo  ..S.67W.  \  .,  rprt   /Tme  diff.  lat 36*3 

Distance.        93m.   /  °y  *  ^-  \Truedep 85-6 


True  course. .. .   S.  67  W. 


Yesterday's  lat.  by  aoc. 
Diff.  lat.  ... . 


46^  38'N.    Mer  pts 3171 

0    36  8. 


Lat.]nbyacc 46      2  N.    Mer.  pts 3118 

Mer  diff.  lat 


Sum  of  lata 92    40 

Mid. lat 46    20 
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Yesterday's  long,  by  ace >     9    3  W. 

Long,  in  by  aoc • 11     8  W. 
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Ship  Qu£BN^  from  England  towards  Madei&a.                    1 

H.   K. 

1 

F.        Coanei. 

Windi. 

Lee 

way 

Remarks,  Friday,  Feb,  10,  1852. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

ft 

6 

7 

8 

9 

10 

U 

12 

5 
5 
ft 
5 
5 
5 
5 

2 
3 
2 
2 
2 
3 

2 
2 

4 
2 

6 
4 

4 
2 
4 

2 

6 
2 

W.b.S. 
S.B.b.S* 

S.b.E. 
S.b.W. 

S.bW. 
StW.b.S 

S»W.  b.  W^. 
W.b.S. 

i 

P.M.  Moderate  and  dear  weaUMT. 

/'nuked ship  to  the  S.E  and  trimnitfl  tbe 
\  nils  by  the  wind. 

Set  the  royals  and  flying  jib. 
Midnight.  Moderate  and  dondy. 

Light  winds  and  yariable.    All  fail  set . 

r  Took  a  pull  on  the  halyards  and  aheets 
\  fore  and  aft,  and  setall  sail  fair. 

Noon  kt.  by  obs.  ©  44**  5 1'      Var .  22** 

Courte 

Dif 

74 

^    Diff. 
^    Ut. 

Dep. 

Lat. 
by  aoc. 

Ut. 
by  Obs. 

Diff. 
Long. 

Long, 
by  Ace. 

Long, 
by  Obs 

Bearing  and 
Distance. 

S.21E. 

I'  69'  -IS 

26'  -ftE 

44**  61' 

44*51' 

N. 

38'  E. 

10**  30'W 

• 

H. 

K. 

F. 

Counes. 

[way. 

Remarks,  Saturday,  Feb.  11,  1852, 

1 
2 
3 
4 
ft 
6 
7 
8 
9 
10 
11 
12 
1 
2 
3 
4 
ft 
t 
1 
M 

in 
u 

2 
2 
2 
2 
2 
2 
3 
3 

ft 

4 
4 

6 

6 

2 
2 

4 

4 

0 
tt 

4 

IIU 

H3 

ai.b.W. 

vv  b.N. 
N.WbW. 

N.W.b.N. 

P.M.  light  airs  and  fine  weather. 

P«nplA    MnplnyMl    vftrinnBly.       Am^ni^^^T 

about  the  trysail. 

Pleasant lireeses  and  dear  weather. 
Saw  a  strange  sail  ahead  standing  to  the 
northward,  on  the  larboard  tack. 

prored  to  be  the  brig  Jane,  (^  London, 
Jones,  Master,  from  Teneriffe,  out  6  days, 
bound  to  Liverpool. 
Midnight.  Moderate  and  dear. 

An  increasing  breese  with  a  heavy  swdl 
from  west,  for  which  I  allow  6  miles. 

Steady  breese  and  fine  clear  weather. 

Long,  by  diro.  at  llh,  40m.  brought  on 
by  log.  to  noon  10**  40' W. 
UUtude  by  double  altitudes  43**  30'N. 
Noon  moderate  and  clear    Var  2  pts  W. 

^y^VkYmt^. 

Dep, 

Ut 
by  Ace. 

LatT 
by  Obi 

Diff, 
Long. 

Long, 
by  Ace. 

Long, 
by  Obs. 

Bearing  and 
Distance, 

^  »"  NV, 

2'W, 

43®  28' 

4303O' 

N. 

4'W. 

10«  34'    100  40' 
W.            W. 

JOtTRMAL. 
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Ezampli 

-          — ■ 

»  for  Exercise. 

H.     K. 

F. 

Courses. 

Winds. 

Lee 

way. 

Remarks. 

1 
2 

6 

W.byN 

5.  S.  W. 

i 

I  take  my  departure  from  a  point  in  lat 
52**   42'8.   long    74*  44' W.  bearing 

3 

6 

4 

4 

7 

E.N.E.  distant  21  miles. 

5 

• 

6 

0 

6 

5 

7 

5 

4 

8 

ft 

6 

9 

6 

N.W. 

S.W.b.W. 

i 

10 

6 

4 

11 

6 

6 

12 

7 

i 

1 

8 

Tacked 

2 

7 

Soath. 

W.S.W. 

i 

3 

6 

4 

5 

5 

4 

A  current  iets  N  E.  by  N.  28  miles  in  24 

6 

4 

S.E, 

0 

hours. 

7 

4 

4 

8 

4 

6 

9 

5 

10 
11 

6 
7 

4 

S.S.W. 

i 

Variation  1{  pU.  E. 

12 

• 
7 

6 

. 

CounCs 

1>u 

t.    ?^- 

Dqp. 

Lat 

Lat. 

DiiT. 

Long. 

Long.     Bearing  and 

Lat. 

by  Aoc. 

byObs 

Long. 

by  Ace. 

by  Obs.       Distsnoe. 

NGO'^iW 

36- 

m. 

^    14-7' 

* 

33-4' 

520  27' 
S. 

--,        75<>  40' 
^^           W. 

1 

H. 

K 

P. 

Conrsei. 

Winds,    1 

Lee 

Remarks. 

way. 

I 

1 

2 

7 

E.S.E. 

N.W. 

0 

ft20  34'S.  long.169''  9'£.  bearing  N.E. 

3 

7 

4 

by  N.  distance  17  miles. 

4 

7 

6 

5 

8 

6 

7 

6 

It  .vJ.  it  ■ 

0 

• 

7 

7 

4 

8 

7 

s. 

i 

9 

7 

10 

6 

8 

Bast. 

S.S.B. 

i 

11 

6 

2 

12 

7 

1 

8 

N.N.E. 

0 

2 

8 

4 

3 

8 

4 

4 

7 

6 

A  current  sets  N.  at  the  rate  of  11  miles 

5 

7 

6 

per  day. 

6 

8 

N.W.byW. 

0 

7 

7 

8 

6 

9 

6 

4 

10 

6 

6 

11 

ft     6  1 

Variation  H  pti  E. 

12     5  1  4  1 

ft 

rw^     I>iff' 

Dep. 

Lat. 

Lat 

Diff*  1     Long. 

Long. 

Bearing  sad 

x^fxonc* 

J^-*-  Ut. 

bf  Ace. 

by  Obs 

Long.  1  by  Ace. 

by  Obs. 

Distance. 

N.  65*  E. 

ft8 

24.7/ 

62-6' 

52'*  9'S. 

W  n.""' 
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EXPLANATION 


OF 


THE      TABLES 


TABCBS  1  AND  2. 

TYaverse  Tabks. 

THESE  Tables  derive  their  name  from  their  great  U6e  in  Traverse 
sailing,  or  in  reducing  compound  courses  to  single  ones^  and  as  they 
contain  the  several  parts  of  nght-angled  plane  triangles^  they  afford  an 
easy  and  expeditious  method  of  solving  all  problems,  in  whidii  right- 
angled  plane  triangles  are  concerned,  where  very  great  accuracy  is  not 
required. 

The  angles  in  Table  1,  are  given  to  every  quarter  point  of  the  compassi 
and  those  in  Table  2  to  every  degree  of  the  quadnmt,  the  sides  of  the 
triangle  in  both  tables  being  nautically  expressed,  although  it  is  obvious, 
that  tiie  tables  themselves,  are  equally  applicable  to  the  general  purposes 
of  right-angled  plane  Trigonometry. 

The  degree  and  minute  corresponding  to  each  point,  are  inserted  in 
Table  1,  and  the  time  to  each  degree  in  Table  2. 

When  the  course  is  less  than  4  points  or  45^  the  Tables  are  to  be  en- 
tered from  the  top,  but  at  the  bottom,  when  it  exceeds  4  points  or  45^* 

When  the  course  and  one  of  the  sides  are  given,  the  other  aides  will 
be  found  even  with  it,  in  the  same  horizontal  line;  when  two  sides  are 
given  to  find  the  angle  of  course  and  the  remaining  side,  the  two  given 
sides  are  to  be  sought  for,  till  they  are  found  as  nearly  as  possible  toge- 
ther in  one  of  the  pages  of  Table  2,  and  the  course  is  to  be  taken  from 
the  top  or  bottom  of  the  same  page,  according  as  the  names  of  the  given 
sides  are  found  to  agree  at  the  head  or  foot  of  the  page.  It  is  also  to  be 
observed  that  when  the  difference  of  latitude  and  departure  are  given,  to 
find  the  course  and  distance,  if  the  difference  of  latitude  exceed  the  de- 

Earture,  the  course  will  be  less  than  45o  but  above  45''  if  the  departure 
e  greater  than  the  difference  of  latitude. 

When  any  given  side  exceeds  the  limits  of  the  table,  such  an  aliquot 
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part  must  be  taken,  as  may  reduce  it  within  those  limits^  and  should  two 
sides  be  given,  they  must  both  be  divided  by  the  same  number,  obser- 
ving;,  that  whenever  this  is  done,  the  corresponding  side  or  sides  taken 
out  of  the  table,  must  be  multiplied  by  the  same  figure,  that  the  given 
number  is  divided  by; — the  angles  must  in  no  case  be  multiplied  or 
divided. 

When  the  given  distance  exceeds  300  miles,  it  may  sometimes  be 
foteid  more  convenient  to  take  out  the  difference  of  latitude  and  depar- 
ture for  300,  and  then  for  the  excess  above  300,  which  results  being 
added  together  will  give  the  true  answer.  For  iUustrations  of  the  use  of 
these  tables,  see  any  of  the  worked  examples  in  Plane  sailing,  and 
solved  by  inspection. 

TABLE  3. 
Logarithms  cf  rineSf  iangenU,  S^c,  to  every  quarter  paini  of  the  eampast. 

The  use  of  this  table  is  to  find  the  logarithmic  sine,  tangent,  &c.  of 
a  ship's  course,  when  given  in  points  and  quarter  points  of  the  compass. 
When  the  ship's  course  does  not  exceed  4  points,  it  is  to  be  found  in  the 
left  hand  side  column  of  the  table,  and  the  logarithmic  sine,  tangent,  &c. 
is  to  be  sought  for  in  the  column  so  named  at  the  top  of  the  table ;  but 
when  the  course  exceeds  4  points,  it  is  to  be  found  in  the  right-hand 
column,  and  the  required  sine,  tangent,  ftc.  in  the  column  so  named  at 
the  bottom  of  the  table. 

TABLE  4. 

Logarithm  of  numbers. 

The  logarithm  of  a  number  consists  of  two  parts,  the  index  atd  the 
decimal  part;  the  table  contains  both  these  pcurts  for  all  the  numbers 
from  1  to  100  inclusive,  but  for  numbers  above  100  the  decimal  part 
of  the  logarithm  only  is  given  in  the  table;  the  decimal  throughout 
the  whole  table  being  carried  out  to  six  places  of  figures.  As  however, 
five  places  are  sufficient  for  most  calculations  that  occur  in  navigation, 
the  sixth  figure  is  generally  omitted,  but  care  must  be  taken  in  so 
doing,  that  if  the  sixth  figure  be  a  5,  or  above  a  5,  the  fifth  figure  is 
to  be  increased  by  1*  thus,  the  logarithm  '770606,  taken  out  to  five 
places  of  figures,  will  become  '77061.  The  index  is  easily  supplied  by 
observing  diat  it  is  always  less  by  1,  than  the  number  of  integers  ill 
the  integral  part  of  the  given  number.  But  if  the  number  consist  of 
decimals  only,  then  add  1  to  the  number  of  ciphers  before  the  first 
significant  figure  after  the  decimal  point,  and  subtract  this  sum  from  10, 
the  remainder  is  the  index.  By  this  method  the  confusion  that  might 
arise  firom  the  use  of  negative  indices  is  avoided.  In  nautical  calculations 
however,  instances  requiring  the  application  of  a  negative  index,  or  its 
substitute,  very  rarely  occur.  i^ 


^  This  xcmaric  appUn  to  all  the  Logwitiunic  Tablet,  m  whkh  the  dedmala  an 
o«ft  to  dz  places,  and  will  not  therefore  be  repeated. 
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Tofii^  the  logariffim  of  a  natural  nrnnber. 
^thsnmnberconriHofn^fiUMreih4mtwoJig^^  LodLibrkis 
one  of  the  oohumui  mlnrked  No.  in  {he  fintt  |Mige  ofiiiAtiible,  qipoate 
to  which,  m  the  oolnmiis  marked  LcMg.  inll  be  found  the  deemial  portof 
the  legaridmiy  together  with  tibe  in£x,  if  tiie  given  number  be  wfadly 
integral ;  but  if  it  be  partly  or  entirely  decimal^  die  index  is  to  be  found 
aeoordin^  to  directions,  page  373»  and  preftxed  to  Ae  decimals;  thus, 
the  logarithm  of  the  number  52  ia  I-7I6OO,  of  5%  is  0*714500;  and  of 
*5S,  is  971600»  for  there  beteg  no  cipher  before  the  *6  add  1,  theq  1 
aubtraeted  from  10  leaTee  9,  the  indmc. 

^ihe  nutnber  consist  of  three  figures,  whether  integers  or  decimals^ 
w&wi  for  them  in  the  left  hand  oolumn  of  the  table,  and  eyen  widi  them^ 
in  the  adjoining  oolumn  marked  0  at  the  top,  will  be  found  the  decimal 
part  of  the  logarithm,  to  which  the  index  (found  by  the  foregoing  rules,) 
being  prefixed,  wiU  grre  the  whole  logaritim  sought.  Thus,  Sie  kg* 
arithm  of  476  is  2*67761,  and  the  logarithm  of  47*6  is  1*67761. 

.  J^ihe  given  number  consist  qffourjigures,  the  three  first  are  to  be 
found  in  the  side  oolumn  as  aboye,  and  ihe  fourth  figure  at  the  top, 
ihen  in  the  column  immediately  under  the  fourth  figure,  and  on  the 
same  horizonbd  line  with  the  tluree  first,  wQl  be  founa  the  decinaai  jpait 
of  the  logarithm,  to  which  the  proper  index  is  to  be  applied  as  benire, 
thus,  the  logarithm  of  4576  is  3*66049. 

Tojbid  the  logarithm  of  a  number,  consisting  of  more  than  Jbur 
figures,  fuid  tfa^  logarithm  of  ttie  first  four  figures  as  before  dir^cted^ 
then  take  out  the  number  which  stands  opposite  in  the  ris ht  hand  oolumn 
marked  diff.  at  the  top,  and  multiply  this  number  by  the  figures  aboye 
four,  cut  off  firom  the  product  as  many  %ure8  as  the  multi  wer  conrists 
ofj  and  add  those  whi<m  remain  to  the  logarithm  already  taken  out,  the 
sum  b^yiiw  the  proper  index  prefixed,  will  be-the  whole  logarithm  re- 
quired, ^nis,  to  mad  the  legttrithm  of  576524  the  logarithm  of  57<S5 
is  76O799,  and  the  diff.  75  x  24  »  1800,  cutting  off  the  two  last 
figims,  leayes  18,  which  added  to  7^0799,  giyes  760817,  Aerefore 
5*760617  or  5*76082  is  the  required  logaritimi. 

To  find  the  natural  number  corresponding  to  a  given  logarithm. 

When  the  number  ienot  wanted  to  eonsisi  qfmere  than  four.plaees 
€^ figures.  Bind  iA  the  body  of  the  table  tlie  dactmid  part  of  tbe^giyen 
)og^tfam  or  tjie  nearest  to  it  Take  out  the  oorrespondiutf  figpires  in 
the  left  side  column,  and  aimex  to  thprn,  if  required,  the  tiigafe  which 
iltands  at  the  head  of  the  column  wberon  the  decimal  figures  were.found; 
then  toplace  the  decimal  point  add  1  to  the  giyen  in<iex  of  the  log,  and 
point  off  to  tiie  left  this  number  of  figures  for  whole  numbers,  tb^  rest 
}f  any,  wiU  be  doeimaLi. 

Tf%^  the  number  is  to  consist  of  nu^reibm^fhurplaoes  qffigwm. 
Take  the  difference  between  the  ^yen  logarithm,  and  the  next  less  in 
the  table,  to  which  annex  as  many  cq^hers  as  tiiere  are  figures  wanted 
aboyer-fotar,  aferd  divide  by  the  eorreiMndiag-  mnnber  tak^  tmt  of  the 
column  of  differences,  tlM^quotientwiUeonflist  of  tiie  figures,  idiidibehig 
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umexed  (o  ihe  number  aosweriiig  to  the  netk  lew  logi  will  giye  the 
numlM^  woghty  by  appl^riog  the  decimal  point  aa  directed  amye;  in 
addition  to  vhidiL  directions  it  ia  to  be  observed*  that  if  the  Aamber 
required  if  to  be  wholly  decimal,  niae  ^pherB^  laflsened  by  the  value  of 
the  index,  are  to  be  prefix^  to  the  number  found.  These  rules  bein£ 
the  revene  of  tboae  fldyen  foir  the  direct  process^  may  be  illustrated 
bj    the  same  exam^es,  by  m/w^ly  traosposiBg  the  questions 


The  arUhmstieal  eomphmei^  to  am/  Logarithm, 
Hay  be  found  by  beginning  at  tlie  left  hand,  and  subtracting  each 
figure  BucoeaaiYely  from  9,  except  the  last  significant  figure  on  the  right, 
wnich  is  to  be  ta^en  from  10,  but  should  the  index  exceed  9  it  is  to  be 
taken  from  19, — ^This  rule  applies  to  the  logarithms  of  sines,  tangents, 
and  secants,  as  well  as  to  the  logarithms  of  numbers. 

TABLE  5. 
Logarithms  of  Sines ,  Tangents,  a$ui  Secants, 

This  table  contains  what  are  commonly  called,  the  artificial  sines, 
tan^nts,  and  secants,  to  each  degree  and  minute  of  the  quadrant,  with 
their  complements  or  co-sines,  co-tangents,  and  co-secants,  the  integral 
and  the  decimal  parts  of  the  logaritbjns,  being  both  expressed  in  the 
table;  die  second  column  and  last  but  one  in  the  seyersl  pa^es  of  which, 
oontain  a  time  scale  adapted  to  each  minute  of  arc.  This  table,  therefore, 
is  very  cenymient  for  turning  arc  into  time  and  the  converse,  but  its 
pnndnal  utility  consists  in  the  fadlities  it  offers  for  entering  tiie  table 
with  tne  time  direct,  and  thus,  in  many  instances,  saying  the  trouble  of 
a  donUe  transmutation. 

The  sines  and  tan^nts  in  this  taUe  are  emplo^^ed  in  the  method  of 
determining  the  longitude  by  lunar  observations;  it  is  o/alj  necessary  to 
take  the  logs  to  four  places,  increasing  the  fourth  figure  1,  if  the  fifth 
is  5,  or  above  5. 

ToJSmd  the  Logarithmic  sinSf  co-sine,  ifc.  of  any  arc  or  angle,  in 

degrees  and  minatee. 

If  the  degrees  be  tmder  45,  the^  are  to  be  taken  from  the  top,  and 
the  minutes  (if  any,)  from  the  Uft  side  column ;  the  name  of  the  required 
logarithm  as  mne,  tangent,  &c.  is  also  to  be  sought  at  the  top  of  its 
ooTumn,  immediatoly  under  which,  and  even  wil£  the  given  minutes, 
win  be  found  the  logarithm  required.  If  the  given  degrees  exceed  45, 
thc^  are  to  be  found  at  the  bottom ;  the  minutes  in  the  right  edde  column, 
and  the  titie  of  the  logarithm  is  to  be  taken  from  the  foot  of  the  column. 
Thus,  the  loff  sine  of  10^  15'  is  9*25028  the  log.  tangent  of  eS"*  20"  is 
10*35796 :  men  the  siven  degrees,  &c.  exceed  90*  find  the  loffarithmic 
one,  &e.  for  the  supplement  to  180*,  or,  which  will  be  ffenerafly  easier, 
if  the  sine  be  required,  find  the  logarithnuc  co-sine  for  Uie  excess  of  the 
gtren  are  or  angle  above  90* ;  if  the  tangent  to  the  arc  or  angle  le 
reoiDpred,  find  the  co-tangent  of  the  excess  above  90*,  and  so  ou« 

Thus,  the  loffarithmic  one  of  140<'  10'  is  the  logarithmic  sine  of 
39*  50",  or  the  logarithmic  co-sine  of  50*  lO'.  &c. 

To  find  the  logarithmic  sine,  ^c.  to  seconds.  Having  found  the  Iog'> 
ariihinic  sine,  &c4uiswering  to  the  given  degrees  and  minutes  as  above. 
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take  out  from  the  proper  oolnmn  marked  at  the  top  Diff.  or  D.  the 
difference  of  the  adjacent  logs,  to  100  seconds ;  multiply  this  difference  by 
the  given  seconds^  and  reject  two  figures  from  the  right  of  the  produet, 
then  those  remaining  being  added  to  the  log.  sine^  tangent^  or  secant^  of 
the  given  degrees  and  minutes^  or  subtracted  from  the  log.  oo-sme,  eo- 
tangent,  or  co-secant,  will  give  the  logarithril  sought.  It  must  how- 
ever be  carefully  noted,  that  the  differences  to  the  sines,  and  co-sines, 
are  set  down,  the  former  to  the  rights  and  the  latter  to  the  left,  of  th^ 
respective  columns ;  the  differences  to  the  tangents  and  co-tangents  are 
the  same,  and  are  therefore  placed  between  them,  and  the  differences 
to  the  secants  and  co-secants,  being  the  same  as  those  to  the  co» 
sines  and  sines,  are  to  be  found  in  the  columns  corresponding  to 
the  latter. 

Thus  to  find  the  logarithmic  sine  of  24*»  10'  15^  the  logarithmic  sine 
of  24°  10'  is  9-612140,  and  the  difference  469,  which  last  multiplied 
by  15,  the  given  number  of  seconds,  and  two  figures  rejected  from 
the  right  of  the  product  is  70,  therefore  9*612140  -f  70  =  9'6122¥), 
the  logarithm  required. 

When  the  hgarithmtc  sink,  tangent,  Sfc,  is  given  to  find  tie  correspond* 
ing  arc,  we  have  only  to  reverse  the  operations  already  described  in 
explaining  the  use  of  this  table;  to  do  which,  find  the  next  less 
logarithm,  to  the  given  one,  if  it  be  a  sine,  tangent  or  secant,  or  the 
next  greater,  if  it  be  a  co-sine,  co-tangent,  or  ccHsecant,  and  take  out 
the  corresponding  degrees  and  minutes,  then  take  the  difference  between 
the  logarithm  thus  found,  and  the  given  one,  to  which  add  two  cipher^ 
and  divide  that  number  by  the  difference  of  100^  the  quotient  will 
be  the  seconds  to  be  annexed  to  the  degrees  and  minutes  already 
found. 

The  logarithmic  sines  and  tangents  varying  by  very  considerabfe 
differences  near  the  beginning  and  end  of  the  quadrant,  are  given,  for 
the  sake  of  accuracy,  with  their  differences  for  the  first  and  second  degrees 
to  every  10  seconds ;  the  terms  are  also  the  ca^sines  and  co-tangents  of 
the  last  two  degrees  of  the  quadrant ;  this  part  of  the  table  however, 
being  seldom  or  never  used  in  the  ordinary  calculations  in  navigation, 
renders  any  farther  description  of  it  unnecessary. 

TABLE  6. 

Meridional  Parts* 

This  table  shews  the  number  of  minutes  contained  in  each  degree  of 
latitude  to  80*  on  mercator's  chart.  The  parts  are  to  be  found  correspond- 
ing to  the  degree  at  the  top  or  bottom,  and  the  minute  in  one  of  the  side 
columns.  Thus  the  meridional  parts  corresponding  to  the  latitude  52""  lO' 
are  3681. 

TABLE  7. 
Refraction  in  Altitude. 

]t  has  been  before  explained,  iu  page  154,  that  the  density  of  the 
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atmosphere  increases  in  proportion  to  its  proximity  to  the  surface  of  the 
earth,  and  therefore  causes  the  rays  from  a  celestial  objectj  to  form  a  curve 
in  passing  to  the  horizon.  This  table  is  adapted  to  a  mean  state  of  the 
atmospherej  that  is,  when  the  barometer  stands  at  29*6  and  the  ther- 
mometer at  SO"*,  and  the  correction,  which  is  always  subiractive,  is  found 
opposite  to  the  given  altitude;  thus,  the  mean  refraction  at  the  apparent 
altitude  of  6^  55'  is  7'  25". 

The  refraction  at  any  attitude,  may,  however,  be  simply  computed  as 
follows,  sufficiently  correct,  not  only  for  Nautical,  but  even  for  Astro- 
nomical purposes,  at  altitudes  not  less  than  10''.  The  refractions  at  dif- 
ferent altitudes,  are  very  nearly  as  the  co-tangents  of  the  altitudes,  or,  as 
the  tangents  of  the  zenith  distances. 

Tangent  of  45«  =  1000000,  and  the  refraction  at  45®  =  57'%  for 
barometer  29  6,  and  thermometer  50;  or  58"  for  barometer  30,  and 
thermometer  50. 

Now  suppose  apparent  altitude  20^. 


57*'  log 

ao^ootaog 

«     1  -75587 
«  10-43893 

or,    58*  log... 
20^  cotang. 

2'36"  6     }  ™*"  "ft'c'^ 
«  1-76343 
« 10 -43893 

2-20236  =  159-35''  -  2'  39-4*  true  w 

At  high  altitudes  these  results  will  be  extremely  near  those  deduced 
from  the  best  and  most  rigid  formula.  At  all  altitudes  between  70**  and 
90"*,  the  refraction  will  be,  at  mean  temperature^  about  I''  for  every  degree 
of  xenith  distance;  and  at  90''  both  reifraction  and  parallax  vanish. 


TABLE  8. 
Dip  of  the  Marine  Horizon. 

The  depression,  or  dip  of  the  horizon,  is  the  angle  contained  between 
a  horisontal  line  passing  through  the  eye  of  an  observer,  and  a  hue  joining 
the  eye  with  the  visible  horizon,  see  page  149.  This  table  contains  a 
correction  to  be  subtracted  from  the  observed  altitude  of  a  celestial  object ; 
thus,  the  height  of  the  eye  being  22  feet,  the  correction,  or  dip  is  4'  30* ; 
this  correction  may  be  approximately  computed  as  follows : 

The  square  root  of  the  height  of  the  eye  in  feet,  will  give  the  dip 
approximately  in  minutes,  from  which  subtract  I''  for  every  minute  thus 
found; -and  the  remainder  will  give  the  dip,  sufficiently  correct  for. any 
calculations,  whilst  the  height  of  the  eye  does  not  exceed  100  feet ;  for 
example : — 
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Suppose  the  dip  k  leqaiied  for  16  £set 

y  16  =  4'  0"  for  25  feet.,   v^  25  -  5'  0' 

SQD  ....  4  fllb..  . .  5 


tine  Up,  Z  i%  4  &5 

for  30-25  ft.     t/90-85  *  5'  3ir 
nib 5-5 


5     24  -5  true  dip. 

TABLE  9. 

Dip  of  the  Marine  Hcrizon,  at  difereat  diiiancet. 

When  the  horison  immediately  under  the  celestial  ohject  is  obstructed 
by  land,  and  the  observer  within  five  or  six  miles  of  the  shore,  then  if 
the  object  be  brought  down  to  the  line  separating  the  sea  and  land,  the 
dip  will  be  increased  with  the  proximi^  of  the  limd :  the  dip  is  then  to 
be  taken  from  this  table,  instead  of  Table  8,  the  height  of  the  eje  is 
here  to  be  found  at  the  top,  and  the  distance  (in  miles)  in  the  dde 
column ;  thus,  if  the  edge  of  the  sea  be  3  miles  dustant,  and  the  height 
of  the  eye  15  feet,  the  correction  will  be  4'. 

TABLE  10. 

The  Sm's  parallax  in  AliUude. 

The  difference  between  the  places  of  the  sun,  as  seen  from  the  torfaoe 
and  the  centre  of  the  earth,  at  the  same  instant,  is  called  his  parallsx  in 
altitude,  and  is  always  additive  to  the  snn*s  altitude  opposite  to  which  it 
is  found.     It  may  be  computed  as  follows  : 

To  the  co-sine  of  the  sun*s  apparent  altitude,  add  the  constant  logs^ 
rithm  of  the  8un*s  mean  hor.  par.  0*945124  =  S'Sl'^,  the  sum,  rgect- 
ing  10  from  the  index,  will  be  the  logarithm  of  the  parallax  in  altitude. 

Sappose  the  ■tin'i  app  alt 30^  20'  eoe.  9  *936062 

oonstant  log 0  '945124 

7-606*'  log 0*881186 

TABLE  11. 
Correction  rfthe  mean  reaction. 

As  it  has  been  before  obserred  in  Tdble  7>  that  the  refraction  of  the 
heavenly  bodies  depends  on  the  density  of  the  atmosphere  and  this  more 
particularly  when  the  altitude  is  low,  the  refraction  in  Tdlde  7  (being 
adapted  to  a  mean  state  of  the  atmosphere,)  must  be  corrected  by  the 
seconds  in  this  table  for  the  variation  m  the  weight  and  temperature  of 
the  air,  indicated  by  the  heights  in  the  barometer  and  thermometer  The 
correction  is  to  be  taken  out  with  the  apparent  altitude  in  the  side  eolunm, 
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^lic  lieiglit  of  tiie  tkermometer  at  the  tt^  and  that  of  the  barometer  at 
the  htMofOkj  and  to  be  applied  by  addition  or  tabtraotionj  aeeording  as 
the  sign  +  or  —  is  found  at  the  head  of  the  column^  from  which  the 
eoimtion  is  taken. 

TABLE  12. 

ITie  right  tueenrion  and  declination  of  the  principal  fixed  stars, 

TUa  table  contains  the  mean  right  aacennons^  and  dedinations  of  61 
principal  atara,  for  the  lat  January  1840,  with  their  annual  variations, 
in  aeoonda  and  decimal  parts  of  seconds ;  the  mean  placea  may  be  found 
for  any  time  subsequent  to  the  year  1840,  by  multiplying  the  annual 
variation  both  in  right  ascension  and  declination,  by  the  number  of  years 
and  parts  of  a  year  elapsed  since  that  time,  observmg  that  the  product 
for  tae  right  ascension  is  always  to  be  added  to  that  given  in  the  table, 
but  the  correction  for  the  decimation  is  additive  or  subtractive,  according 
ma  the  sign  +  or  —  is  prefixed  to  the  annual  variation.  The  corrections 
thus  applied  to  the  aacension  and  declination  for  the  year  1840,  will 
give  the  mean  place  of  the  star  at  the  time  required. 

To  find  the  place  of  a  star  for  any  time  prior  to  1840,  the  correction 
must  be  applied  ¥rith  the  contrary  signs. 

When  great  accuracy  in  required,  it  will  be  desirable  to  take  the  de- 
dination  and  right  aacenaimi  of  the  atars  from  the  N.  A.  pagea  444  to 
476. 

TABLE  13. 

Oorrectum/or  the  Sun's  apparent  altitude. 

This  table  contains  the  sun's  refraction  in  dtitude,  diminished  by 
parallax,  being  a  correction  to  be  applied  by  subtraction,  to  the  apparent 
altitude  of  the  sun,  in  order  to  obtain  the  true  altitude.  It  is  also 
naed  in  clearing  distances  from  the  efiect  of  refraction  and  paraUax; 
thus  the  correction  answering  to  the  apparent  altitude  25^  40^  is 
r  50*. 

TABLE  14. 

Correction  Jbr  the  observed  altitude  of  the  sun's  lower  limb, 

"Hiis  table  affords  an  expeditious  method  for  correcting  the  meridian 
altitude  of  the  sun*s  low^  mnb,' for' tlie  joint  efiect  of  semidiameter,  dip, 
refraction^  and  parsJlax.  Li  the  calcidation  of  this  table,  the  sun's 
semidiameter  is  assumed  at  16' ^  and  its  variation  from  that  quantity  in 
each  moatb  in  the  year,  as  given  at  the  foot  of  the  page,  is  to  be  added  to, 
or  subtracted  from  the  correction  found  in  the  table,  (which  is  always 
additive,},  aiwdfaig  aa  the  sign  +  or  —  is  prefixed  to  it. 

The  ttfile  is  to  be  entered  wMi  the  son's  observed  altitude  in  the  left 
Mi'eMamtii'saidliie  htight  df  tte  efe  at  the  top^thtia,  suppose  the 


280  EXPLANATION   OF  THE   TABLES. 

son's  obsenred  altitude  in  the  month  of  June  to  be  11«  30'  IS'',  and  tke 
height  of  the  eye  16  feet,  its  true  altitude  may  be  found  as  follows, 

ObB.  alt.  O's  lower  limb ll**  30'  15^ 

Cor  toalt.  ll^SO'  andhdghtofiefisot    7' 36^1       .70. 
Do.  for  Tariation  of  san'g  gemid.  in  June.  —  12  J  /    x4 

true  alt  of  mn't  centre 11    37    39 

TABLE  15. 
Far  Ttdudng  lonffitude  into  timet  and  the  contrary. 

By  means  of  this  table,  longitude  may  be  converted  into  time,  or  time 
into  longitude,  by  inspection  only,  in  the  following  manner. 

Suppose  it  were  required  to  find  the  time,  answering  to  67*  12'  56'  of 

longitude. 

"^  '  "  h  m  8  th 

Time  anawerios  to.. .......     67  0  0  ia  4  28  0  0 

do.                to 0  12  0  ia  0  0  48  0 

do.                to 0  0  56  ia  0  0  3  44 

hence  the  time  anawering  to. .     67     12    56        ia        4    28    51    44 


Suppose  the  degrees  &c.  of  longitude  answering  to  6^  SI*"  12'  be 
required. 

h     m      a  o       f    » 

LoDgitadB  aniwsring  to 6    28      0      ia      97      0    0 

do.  to 0      3    12      b        0    48    0 

henoe  the  long,  ocurreaponding  to 6    31    12      ia      97    48    0 

Rules  for  converting  time  into  longitude,  and  the  contrary,  without 
referring  to  this  table,  will  be  found  in  pages  159  of  the  present  work. 


TABLE  16. 

Snn^e  declination  to  1859. 

Tt^ts  HW  \S^SM\\%  \\kt^  declination  of  the  sun  for  each  day  of  the  year,^ 
ii\  ^^\^.  ^^  l^v^  1^W^X1[*  |MmiHi»  Jbr  the  meridian  of  Greenwich,  and  will 
tiYi^Wr^  (V\V  ^H\  *HS>v%v^(H^^I  yKW  till  1866,  by  applying  the  corxections 

TAW.K  17. 

/  V    >"  <  w  i^  i^iy  s\Wx  vA^<AAiHi«^HM«  Ml  MOOM,  Jor  longitude. 
Wx  VkV.V,v  \h  vvvti\As\^  W^VK  U^  vWvluMlism  «l  the  top,  and  the  nearest 


\ 
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longitude  in  the  side  oolamns;  the  correction  to  be  added  or  subtracted 
acoording  to  the  directions  at  the  head  of  the  table. 

TABLE  18. 
To  correct  the  Sun's  declination  for  periods  of  four  years. 

This  table  is  to  be  entered  with  the  period  of  years  in  either  of  the 
side  columns^  and  the  month  and  nearest  day  at  the  top^  the  correspond- 
ing minutes  of  correction,  are  to  be  applied  to  the  declination^  taken 
from  Table  16,  answering  to  the  number  of  whole  periods  of  four  years 
each,  antecedent  to  that  of  the  given  year,  by  addition  or  subtraction  as 
may  be  directed  at  the  head  of  tixe  column.  Thus,  suppose  it  be  required 
to  find  the  sun's  declination,  for  the  meridian  of  Greenwich  at  noon,  on 
Feb.  28,  1854,  this  being  eight  years  or  two  periods  of  four  years  each 
after  1846,  the  sun's  declination  for  the  given  day  of  the  month  in  the 
year  1846,  is  to  be  taken  out  of  Table  16,  where  it  is  found  to  be  7^  59'S. 
then  in  Table  18,  under  the  month  of  Feb.  the  28th  day,  and  even  with 
8  in  the  side  oolunm,  (containing  the  periods  of  four  years,)  will  be  found 
the  correction  1'  having  over  it  at  the  top  of  the  column,  siJt;  therefore 
7*  sy — 1'= 7®  68'  the  sun's  declination  for  the  required  day  and  year. 

TABLE  19. 

Semidiurnal  and  Seminoctumal  Arches. 

This  table  shews  half  the  time,  that  a  celestial  object  continues  above 
the  horizon,  when  the  declination  and  latitude  are  of  the  same  name,  or 
below  it  when  they  are  of  contrary  names^  whence,  the  apparent  time  of 
its  rising  and  setting,  may  be  obtained.  The  table  is  to  be  entered 
with  the  latitude,  in  either  of  the  side  columns  and  the  declination  at 
the  top,  in  the  angle  of  meeting,  will  be  found  the  arc  required,  which,  if 
the  object  be  the  sun,  will  be  the  apparent  time  of  its  setting,  when  the 
latitude  and  declination  are  of  the  same  name,  and  of  its  rising,  when 
they  are  of  contrary  names ;  this  subtracted  from  12h.  will  give  the 
apparent  time  of  the  sun's  rising  in  the  former  case,  and  of  its  setting  in 
the  latter;  doable  the  time  of  his  rising  will  be  the  length  of  the  night, 
and  doable  the  time  of  his  setting,  the  length  of  the  day. 

The  semidiurnal  arch  expresses  the  time  that  a  celestial  object  takes 
in  ascending  from  the  eastern  horizon  to  the  meridian;  or,  of  its  des- 
cending from  the  meridian  to  the  western  horizon. 

Example. — Suppose  in  latitude  38*  30'N.  when  the  sun's  declination 
is  IS'^N.  it  be  required  to  find  the  apparent  time  of  the  sun's  rising  and 
setting,  with  the  length  of  the  day  and  night. 

Under  dec  15*"  and  taking  half  way  between  lat  38**        h    m 
and  39**  we  get  for  tiie  app.  time  of  ran  letting ...       6    49 
which  taken  from 12 


Girei  app.  time  of  the  ran'a  ritfaig 5  11 

then  6h  49m  x  2  girea  for  the  length  of  the  day 13  38 

and  5h  Urn.  x  2  gives  for  the  len|^  of  the  night  ...  10  22 

36 
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I  I 


To  find  the  apparent  tixne  of  a  starts  rUing  and  setting. 

Subtract  the  san's  right  ascension  from  the  star's  right  ascension^  (in- 
creased if  necessary  by  24h.)  the  remainder  is  the  approximate  time  of  the 
star's  passing  the  meridian.^  Then  with  the  latitude  and  dedinaticmy 
find  in  the  table»  the  time  the  star  takes  in  ascending  from  the  horiion  to 
the  meridian,  Mid  desctoding  flrom  tite'meridiflai  to  the  horison/  when 
the  latitude  and  die  dedination  are  of  the  same  name.  Subtractitig  i)iere- 
fore  these  hours  and^mmutes,  from  the  time  of  its  meridional  poaage, 
the  remainder  will' be  the  apparent  time  of  its  risingi  or  adding  them  to 

it^  the  sum  will  be  tl\e  tixne  of  .its  setting. 

f 
But  if  the  latitude  and  declination  be  df  contrary  names^  the  timeihos 

found;  will'  be*  half 'the  peHod'  ^'the  ktaVs  confihuande  bdot^^e"^-^ 

z6n,  and  iiubti^cted  frotn  l^hMnll  gfvelialfthitim&'of  ifs^rematning 

above  tb6horteon,  With -which  tHroiifecd^"^--     •       " 


To  obtain  the'^mean  tiipe  of  the  sun  or  a  star's  rising  or  setting,  the 
equation  of  time,  taken  from  tl^e  Nautical  Almanac,  must  be  appUed  to 
the  apperettt  time  found  as  above. 

The  mean  time  of  the  rising  and  setting  of  the  planets,  may  be  com- 
puted in  a  similiir  manlier,  observing* to  take  out  thdir'declmatioh  and 
meridional  passage  from  pages  251  to  431,  of  the  Nautical  Almanac  for 
1852. 


I    «  > ' 


To  find  the  time  of  the  rimg  and  setting  of  the  Moon. 

The  mean  time  of  her  meridional  passage  at  Greenwidi,  must  be  taken 
from  pagfe  I¥  6f  thti  month  in  tbe  Nautidd'Alihanac.  and  a  c6ntcti6n  'a|>- 
{^ed  fit>m  Tkble  21,  to  obtain  the  tinfe  of  its'  meridian  passage  at  the 
given  i^ac^.  Then  ^th  the  moon^s  dedination  at  th^'tiiiie  6t  its  patf  ng 
the  merldJAti,  N.A;  pi' V.  to'XII.'aindthc  latitude  of  thef  place,  fiiidflie 
s<imidlui'tial ' arc '^  Wore,' 'wbibh  bubtradted  frt>m  th6  ab6^' iredticed 
time,  will' give  the  apf^fotitnate'  tlth*  of  the  mb6n%  risinfg,"(^  ^Added 
thereto,  will  rive  that'ofitrfs^lng.  '^  '    '  '     ^'^' 

If  however,  very  great  accuracy  be  required,  the  declination  must  be 
taken  from  thp  Nautical  Almanac,  corresponding  to  tljq  approximate 
time  of  its  rising  or  setting,  reduced  to  Greenwich  time;  then  Ae  semi- 
diurnal arc  being  again  found  and  corrected,  by  adding  the  minutes  from 
Tfcblfe  21,  ^rrf!ip(mding  therdto,  and  the  daily  vAri«ti6ta  bf  httr  MtttdJonal 
pa^ikgfe)  th^  slWi  itibtractcd  ttbrti,  di' fedded  16  th^  reduced  fiastijai  met 
tbe  meridian,  will  gJvi?  thetnean  time*  of  her  rising  or  fifettWg  vttf  near 
the  irutki 

TABLE  20. 
f  *#ttwtr  ^ik^  vmiSm^  pmsefges  of  the  principal  Fized  Stare. 

W\%  h^^^W  f^<^*»^^  M^«>  m^im^^Mt  time  of  the  principal  stars  passing 
the  tm  Ht<^^\,  v\v\  Ihv^  Wl  vkv  \«^'  w^vh  month;  the  time  of  their  transit 
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fjftk  mny  intennediate  day,  may  be  foond  by  mnltiplyuig  the  namber  of 
daya  since  the  Ist  of  the  month  by  4,  and  subtracting  the  resolt  from 
the  time  of  the  transit  on  that  day.  Observing  that  the  resolts  thus 
obtained  (being  only  approximations,)  may  differ  a  few  minutes  fiom 
the  trnih^  but  will  be  found  sufficiently  exact  for  the  purposes  thqr  are 
dflfigned  to  answer. 


TABLE  21. 

Pbr  rtdnemg  the  time  of  the  Moon^$  pauage  cner  the  meriSan  ef  Chreei^ 
lotdkv  to  the  time  ofherpoMettge  ener  am^  other  meridian. 

The  daily  variation  of  the  moon's  meridiofial  passage,  ub. the  difference 
between  the  time  of  the  transit  on  a  given  day  and  the  day  preoedingy 
if  the  longitude  be  E.  or  the  day  following  if  it  be  W.  and  is  to  be  taken 
from  page  lY  of  the  month,  in  the  Naotical  Almanac. 

.  The  ^le  is  to  be  entered  with  the  daOj  yariation  at  the  top^  and 
tHe  lon^tude,  to  the  nearest  minute,  in  the  left  aide  col^maj  ihe  conec- 
tiba  bemg  additive  to  the  time  of  meridian  passage  in  W.  loiuritude,  and 

I 

TABLE  22, 

Moonfe  AugmeiUaiimi 

Sines  it  is  the  property  of  an  object  to  increase  its  apparent  diameter 
in  proportion  to  we  rate  in  which  its  distance  from  the  eye  of  an  observer 
it  <im^"^«h^j  and,  since  the  moon  is  nearer  to  an  observer  on  the  earth, 
when  she  is  in  the  senith,  than  when  in  the  horison,  by  the  earth's 
aemidiameter ;  she  must  therefore  inoeaaeher^semidiameter  by  a  certain 
quanti^,  as  she  increases  her  altitude,  this  increase  is  called  her  aug- 
mentation. 

The  correction  given  in  thi^  t^b)^  therefore,  consists  of  a  certain 
number  of  seconds,  (called  the  moon's  augmentation,)  by  which  the 
moon's  qiparent  horizontal  semidiameter,  is  to  be  increased  in  ofder  to 
obtain  bar  true  q)parent  semidiameter  at  any  assigned  altitude;  the  table 
being  entey^  with  the  moon's  apparent  fdtitude  at  the  top,  immediately 
under  whidi  will  be  founil  the  correction. 

Since  sll  p&irts  of  the  horizontal  semidiameter  (^the  sun  or  moon,  a^e 
equally  elevated  above  the  horizon,  all  those  parts  must  be  equally  affected 
by  refraction ;  but  when  the  semidiameter  is  inclined  to  the  plane  of  the 
horizon,  the  lower  extremity  will  be  so  much  more  affected  by  refraction 
than  the  upper,  as  to  suffer  a  sensible  contraction,  and  thus  cause  the 
semidiameter,  so  inclined,  to  be  something  less  than  the  horizontal 
semidiameter  given  in  the  N.A. ;  when  accuracy  is  required,  it  wiU  be 
necessary  to  attend  to  this  contraction,  but  for  nautical  piirposes  the 
corrections  in  this  table  are  sufficiently  accurate. 
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TABLE  23. 

To  reduce  the  Moon' 9  horizontal  parallaa,  and  semidiameter  to  cmy 

time  under  the  meridian  of  Oreenwich. 

The  table  is  to  be  entered  with  the  Greenwich  timej  after  noon  or 
midnight,  at  the  top,  and  the  difference  in  12  honrs,  in  either  tide 
colnmn,  and  the  aeoonda  of  correction  are  to  be  added  to,  or  subtracted 
from  the  horiaontal  parallax  and  semidiameter  at  the  preceding  noon  or 
midnight,  according  as  they  are  increasing  or  decreasing. 


TABLE  24. 

.(hrreetion  of  the  Moon's  apparent  altitude. 

This  table  contains  a  correction  consisting  of  the  parallax  in  altitude, 
lessened  by  refraction,  hence,  it  is  always  to  be  added  to  the  moonjs 
apparent  altitude,  to  obtain  her  true.  It  is  to  be  entered  with  the  moon's 
apparent  altitude  to  the  nearest  less  tenth  minute  in  the  left  side  column, 
and  the  minutes  of  horisontal  parallax  at  the  top,  the  seconds  of  parallax 
are  found  in  the  corresponding  right  hand  part  of  the  table,  opposite  to 
the  nearest  less  tenth  second,  and  under  the  unit  seconds  ;  this  part  of 
the  correction  is  to  be  added  to  that  already  taken  out,  the  parts  for  the 
unit  minutes  of  altitude  are  to  be  found  at  the  bottom  of  the  page,  and 
applied  as  there  directed. 

Example. — ^Apparent  altitude  33*  16'  and  horizontal  parallax  59'  34", 

Cor.toalt.  33M0*aiidH.P.59'0''; 47'  56' 

Pro.  ptrtB  to  34'' of  H.P. +   ^?  I      +     25 

Do.    toS'ofalt —    3  J    

Required  cor.  of  the  mooo's  apparent  altitade ^^    ^^ 


i*t 


TABLE  25. 

7o  reduce  the  sun's  right  ascension  to  any  given  meridian,  and  to  any  time 

under  that  meridian. 

This  table  is  to  be  entered  with  the  sun's  right  ascension  at  the  top, 
and  the  longitude  or  given  time  in  the  left  or  right-hand  side  column, 
at  the  angle  of  meeting  will  be  found  the  correction,  to  be  appUed  by 
addition  or  subtraction,  according  to  the  directions  at  the  head  of  the 
table. 

TABLE  26. 

Parallax  of  the  Planets  in  Altitude. 

This  tabic  is  to  be  entered  with  the  planet's  horizontal  parallax  at 
the  top,  and  the  apparent  altitude  of  the  planet  in  one  of  the  sids 
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columns,  the  oorreBponding  seoondt  of  correction  are  alwavs  to  be  added 
to  the  apparent  akitude.  This  table  commences  at  10  altitude,  but 
ahooldthe  altitude  of  the  planet  be  taken  below  that,  the  same  correc- 
tion may  be  applied  to  it,  as  stands  opposite  to  lO"*. 

Or  it  may  be  calculated  for  by  the  following  rule. — To  the  proportional 
^arithm  of  the  planets  horizontal  parallax,  add  the  secant  of  the  appa- 
rent altitude,  the  sum  rejecting  10  m  the  index,  will  be  the  proportional 
Ic^arithm  of  the  parallax  in  altitude. 

Example. — Let  the  apparent  altitude  of  a  planet  be  46®,  and  the 
horizontal  parallax  2^" ;  what  will  be  the  parallax  in  altitude  ? 

Prop.  log.  26'' »     2*6185 

app.ilt        46*    seeant 10*0463 

PonUax in iltitiidB 24""      -     2*6648 


TABLE  27. 
Sunfs  mean  right  aeeention. 

Thia  table  is  to  be  entered  with  the  month  at  the  top,  and  the  day 
in  either  of  the  side  columns,  and  will  serve  as  a  substitute  for  the 
Nautical  Almanac,  when  very  great  accuracy  is  not  required* 

TABLE  28. 

Carreeiionfor  the  altitude  of  the  Polar  Star. 

This  table  is  to  be  entered  with  the  right  ascension  of  the  meridian,  in 
one  of  the  columns  marked  ''  R.  A.  mer."  immediately  against  which, 
will  be  found  the  correction,  which  is  to  be  add^  to,  or  subtracted  from 
the  altitude  of  the  pole  star,  as  directed  by  the  precept  "add/*  or  "sub/* 
placed  orer  the  correction:  the  third  column  contains  the  variation 
m  ten  years,  which  is  always  wbtraetive  from  the  correction  in  the 
Uble. 

TABLE  29. 

Correction  of  the  Latitude  deduced  from  the  foregoing  Table. 

This  table  is  to  be  entered  with  the  approximate  latitude  at  the  top, 
and  the  right  ascension  of  the  meridian  in  either  side  column;  the 
correction  is  always  to  be  added  to  the  approximate  latitude  deduced  from 
Table  28. 

TABLE  30. 

Log  rising  or  Versed  sines. 

This  table  is  particularly  useiful  in  finding  the  latitude  by  two  altitudes 
of  the  sun,  and  in  computing  the  time  from  the  altitude  of  a  celestial 
object,  and  many  other  astronomical  calculations;  it  is  to  be  entered 


386  letifhAVAfMv  of  fki  ikBtkk 

with  the  horn  «t  the  top,  the  niiitti^  in  the  Ielt-him4  dblanitii  nsa  flife 
nearest  less  fifth  eeeond  «t  the  fop  df  the  iidspc^HMte  Uluniii;  the  pfopor- 
tioaml  parts  for  the  reniaittiiig  sectods  ai«  16  h^  titften  fibih  ifte  i^bt- 
hand  marginal  columns,  in  the  eothpaMxitet  bj^K^tiii  to  the  Id^Snn 
taken  from  the  body  of  the  table;  hence  the  time  .answering  tp  the  given 
logarithm,  and  the  oontrarji  may  be  easily  obtained  to  tiie  nearest 
second 

Example. — ^Required  the  log.  rising  of  2^  53°^  47'. 

Olie  toiT'' <f^  ef  ah  631ft  4S^.' y 4«437S5 

the  proportional  part  for  2  Mcoods,  found  as  ditected  in  the  1     .        ,« 
rii^t hA^^tofomofl ..' /    **■       " 

hoioe  tfaelor. lttill|f«r%.  53m.47f.  ii 4*43771 


TABLE  31. 

To  reduce  ike  eun^s  deeUnaiian  to  noon  at  any[  given  meridian,  and  to  enif 

time  at  the  meridian  of  Greenwich. 

Take  ont  the'  sun's  declination  for  noon  of  the  given  ^y  from  jpa^  I 
or  ir  of  the  month  in  the  Nautical  iQmanac,  and  enter  the  talile  with  this 
at  the  top,  and  the  longitude  of  the  place  in  the  lieft-side  column,  or  the 
time  at  Greenwich  in  the  right-side  oolumn,  the  minutes  and  seeonds 
corresponding  to  which,  are  to  be  applied  as  a  correction  to  the  abore 
declination,  eithep'by  addition  or  subtraction^  aceotdmg  to  the  directions 
at  the  head  of  the  column. 

When  the  declination  and  longitude,  or  time  at  Greeifwich,.  ate  net 
nearly  found  in  the  table,  proportional  parts  must  be  taken';  altt>  if  (he 
giventime  at  the  meridian  ot  Gtreenwich  exceed  12  hourt^  thetxirhSeticHi 
must  be  taken  out  at  twice. 

£i«ii9J^--«equiWd  the  sun's  decBnation,  August  21,  185^,  at  16* 
48™  mean  time  at  Grreenwich. 

8an*td6c.  Avg,21,  atmeannooh  (if.A.  p.ii) 12^    0'     1" 

oor.  for  121i +     10    16 

ooTi  for  41i<48m.ki 4.       4      6 

snxt'sdabitatGreeiMrUrtiBievw 11    14'  2S 


TABLE  32. 
Natural  Sinee, 


In  this  table,  which  contains  the  natural  sines  to  every  degree  and 
minute  of  the  quadrant,  the  degrees  corresponding  to  the  smes^  «re  to  be 
taken  from  the  top  of  the  page,  and  the 'minutes  hi  thfeleft-Bidefcohitnns, 
andthe  degrees  answering  to  the  cd-siiies  from  the  bottom,  with  the 
minutes  in  the  right*side  oolnmni      The  sines  aie  givtfili  t^  six  places  of 
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fig^pfte^  bi4  the aixtl^.figareinAy  in  gfgieifl  l)&,Qii^tt^y, the  fifth  figmw 
iMsmg  mcrpased  b;,l,  Yf)xeneYpv Xhe  las^ifigo^e  ia  a<5  Qr;ab9ye  a  5f 

The  natural  line  or  co-sine  of  any  number  of  degrees  above  90^  is  the 
same  aathe  natural  sine  or  cb«sineoC its  supplement ; or- the  natural  sine 
or  cocaine  of  an  arc  greater  than  90''  is  the  natural 'oo-sine  or  sine  of  it» 
excess  above  90^. 

LogarjMimfiofappQ/rent  tin^e  or  Horary  Angle. 

l>elpgmtlm^ju^thistal^.biei^  in  the. sami^  maimer  a9 

ihm^,  i^  T^ijde  30,  thfi  cojcrespo^duig  tin^  are  to  .1:^  fQ]^n4.,«cp9r4ing,  to 
the  directions  there  given,  and  which  it  i9«,c^«)#eqiie^%,  quit^ ,  unx^eo^ 
aary  to  repeat 

TABLE.  34. 

This  table  i^  to.  be  entered  with^  the;$ipp^nt  altitude  of  (the  s^n^  moon, 
or  star  at  ihe  top,  and  the  odd  minutes  in  the  right  or  left  side  column, 
marked  ('),  then  under  the  minutes  of  horizontal  parallax^  and  even  with 
the  minutes  of  altitude  will  be  found  the  required  logarithin.  If  there  be 
any  seconds  of  paraQaXi^  take  t]|^  n^inutes  of  altitude  in  the  right-hand 
oonunn  as  seoondflt,.and  amongst  these  find  the  said  seconds  of  parallax^ 
against  which  ii^  the  extr^e  right-hand  column,  n^qpke4.  at  th^.top 
*' P•Jt*/^  (prqportional  parts)  wfl]  be  foimd  a  number,  which  subtracted 
from*  the  .logarithm  fotmjl^  as^^  above,    will  give  the  true  logc^khtn 

fissnyjeu— With  the  .8Uii>  m^pn,.  or^star's  appacentakiliide  32*^48 
and  the  moon*s  H.P.  59^  14' ;  find  the  true  logai^hm^ 

The  nin'f  alt  32**  42'  under  59^  H.  P.  gtree 7518 

AndirofH.P • 18 


Therefore  the  true  logarithm  ii 7500 


TABLE  35. 
PrcpcrtionoUJ^arithmB. 

This  lable.coqLtains,, the  prqportJLon^  log;^th|n,.pori:espoix4ing,to.all 
portions  of  ti^eiin^ier  thrp^hoiw^.  ai^d  ,to  .cvot  second  ,unjde|c.  three, 
degrees;  it  derives  its  greaie^  impoxtaQ/^.iroin.the  {ieuuliti^  .it.  affprds, 
for  finding  the  time  at  Greenwich^  corresponding  to  the  true  distance 
between  tl^e  moon  and  any  other  celestial  object^  but  it  is  likewise  apphed 
te  other  important  purposes. 

The  table  is  to  be  entered,  with  the  degrees  and  minutes^  or  hours  and 
minutea  at  the.  top,  «nd  the  ;»eeond)i  in  ^ther  si4e^column.    Thus  ^e 
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proportional  logarithm  to  1^  1""  56*  is  4635 ;  which  is  also  the  pro- 
portional logarithm  to  1*"  1'  56^".  The  proportional  logarithm  to 
0»»  14"  2(r  or  0'  14'  29*  is  1*0989. 

As  hours  and  degrees  are  similarly  dirided,  therefore  in  the  gcnend 
use  of  this  table,  the  hours  and  parts  of  an  hour,  may  be  considered  as 
degrees  and  parts  of  a  degree,  and  oonversely. 

Since  proportion  is  performed  by  adding  together  the  arithmetical  com- 
plement of  tne  proportional  logarithm  of  the  first  term,  and  the  propor- 
tional logarithm  of  the  second  and  third  terms,  rejecting  10  from  the 
index;  this  table  is  of  great  use  in  reducing  the  altitudes  of  the  moon, 
sun,  or  a  fixed  star,  to  the  mean  time  and  distance,  when  the  observations 
are  made  by  one  person,  as  will  be  seen  by  referring  to  the  worked 
example  in  thelunars,  page  220. 

Proportional  logarithms  may  be  calculated  by  the  following  rule. 
From  the  common  logarithm  of  3  hours,  reduced  to  seconds,  subtract 
the  common  logarithm  of  the  given  time  in  seconds ;  and  the  remainder 
will  be  the  proportional  logarithm  corresponding  to  it. 

Example. — ^Required  the  proportional  log.  answering  to  1^  50°*. 

Sh —10800^ los 4*033424 

lli.50m."  6600 ka 3*819544 


lh.50m a  pro. log 0-213880 


Although  this  table  is  only  calculated  to  3  hours  or  degrees,  yet  by 
taking  such  terms  as  exceed  those  quantities,  one  grade  lower,  that 
is,  tiie  hours  or  degrees,  as  minutes,  and  the  minutes  as  seconds,  it  may 
be  extended,  and  applied  to  the  reduction  of  the  sun,  moon,  or  planet's 
right  ascension  and  aedination  to  any  ^ren  time,  and  likewise  to  the 
reauction  of  the  equation. 

TABLE  36. 

Oorrectiona  Jbr  Apparent  Altitudes  and  Distances.. 

This  table  is  to  be  entered  with  the  apparent  distance  at  the  top,  and 
the  sun  or  star's  apparent  altitude  either  m  the  line  immediately  und^ 
the  apparent  distance,  or  at  the  bottom  of  the  table,  and  the  apparent 
altitude  of  the  moon  in  either  of  the  side  columns,  then  at  the  angle  of 
meeting  will  be  found  the  required  correction.  When  the  apparent  dis- 
tance falls  between  the  distances  giyen  in  the  tables,  proportions  must 
be  taken,  and  also  in  some  cases  of  very  low  altitudes,  but  doing  so  will 
in  any  case  be  attended  with  very  littie  difficulty. 

TABLE  37. 
Oorreetionfor  Sun's  ParcMax. 
This  table  contains  the  effect  of  the  sun's  parallax,  and  must  be  en- 
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tered  with  the  distance  at  the  top  or  bottom,  and  the  altitudes  of  the  sun 
and  moon  in  the  left  side  column ;  in  the  angles  of  meeting  will  be  found 
the  required  corrections,  to  be  applied  according  to  the  note  at  the  foot 
of  the  table. 

TABLE  38. 

Chrredtion  of  the  Parallax  of  the  Planets. 

'the  corrections  in  ibis  table  are  derived  from  Table  37>  and  the  man- 
netr  of  taking  them  out  will  be  best  undeirstood  bj  an  example,  thus, 

Suppose  the  distance  100^  the  moon's  apparent  altitude  25^  the 
altitiide  of  Jupiter  45'',  and  the  planet's  horizontal  parallax  2", 

Tirsty  eyen  with  the  moon's  altitude  ^5°,  and  over  the  given  distance, 
lOO©  is  found  in  the  upper  part  of  Table  37 4 

Even  with  the  planet's  altitude  45"",  and  over  the  given 
distance  100^  is  found  in  the  lower  part  of  the  table    -  -  — 1 

The  sum  -  -  -  -  ^—5 

Then  immediately  under  5,  found  in  the  top  line  of  this  table,  and 
even  with  2",  the  planet's  horizontal  parallax,  stand  1 ,  which  is  the 
correction  for  the  effect  of  the  planet's  parallax  on  the  distance ;  this 
correction  is  to  be  applied  accor£ng  to  tne  note  at  tiie  end  of  Table 

37. 

TABLE  39; 

To  find  the  exact  Cfreenwich  timei  corresponding  to  aredueed  lunar 

distance. 

On  account  of  the  inequality  of  the  moon's  motion  in  the  heavens,  the 
interval  fotmd  b j  the  proportional  logarithms,  as  directed  in  the  rule 
page  ,  for  finding  tne  Greenwich  mean  time,  requires,  when  extreme 
accuracy  is  desired,  to  be  corrected  by  a  number  of  seconds  taken  froni 
this  table  in  the  following  manner ; 

find  the  difference  between  the  proportional  logarithms  standing  oppo- 
site  the  two  distances  in  the  Nautical  Almanac,  between  wUch  the  true 
distance  (SeiIIs,  and  enter  the  table  with  tha>t  difference  at  the  top,  and  the 
^proximate  interval  in  one  of  the  left-side  columns,  the  corresponding 
seconds  are  the  correction  to  be  appUed  to  the  approximate  interval,  by 
addition  when  the  proportional  logarithms  are  aecreasing,  and  by  sub^ 
traction  when  they  are  increasing,  and  the  result  wiU  be  the  true 
interval 

■ 

TABLE  40; 

Horary  Angles  and  Attitudes  Jbr  obtaining  the  Time  and  A^uih. 

It  has  been  observed  in  a  former  part  of  this  work,  that  the  most 
advantageous  time  for  observing  the  altitude  of  a  celestial  object  for  the 

87 
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purpose  of  obiaaniaff  the  mpai^eBt  tisAa  at  the  m^idi«a  of  a  pw^jiae^ 
]ft  woea  the  objeet  bears  due  east  ov  west  from  the  obeenrer,  or  HBen  it 
approaehes  the  nearest  to  those  points,  in  other  words,  when  tiie  object 
is  in  or  near  the  prime  vertical.  This  table  is  therefore  int^idea  to 
determine  those  times,  when  the  latitude  of  the  place  and  the  declinadon 
of  the  body  are  of  the  same  name ;  for  when  they  are  of  contrary  names 
the  object  is  nearest  those  points  when  in  the  horizon ;  the  obeenratioa 
should  be  made  when  the  objeet  is  at  a  sufficsest Station  aboye  the  ho* 
rizon,  to  clear  it  of  the  uncertain  refraction  incident  on  low  altitudes, 
which  should  not  be  taken  below  7  or  8  degrees. 


This  table  is  to  be  entered  with  the  nearest  degree  of  deeiination  ait  the 
top,  and  the  nearest  degree  of  latitude  in  the  left  side  column*  whieh 
will  give  the  reauired  time  from  noon  if  the  object  be  .the  sun^  but  if  it 
be  a  star,  find  tne  time  of  the  star's  meridian  passage  in  the  Nautical 
Almanac,  and  its  declination  in  Table  12.  Then  in  the  present  table 
find  the  time  corresponding  to  the  latitude  of  the  nlace  and  the  decli- 
nation of  the  star,  which,  subtracted  from,  or  adaed  to  the  tame  of  its 
transit  over  the  meridian,  aQOQrding  as  the  observation  is  to  be  made 
before  or  after  its  transit,  wiU  give  the  apparent  time  required. 

The  time  when  a  Plamt  is  in  or  near  the  prune  vertical,  mAj  be 
found  in  a  simihr  maimer^  by  taking  out  the  mean  tine  of  its  mendiaa 
passage  and  its  declination  from  the  proper  page  in  tiio  Nantieai 
Almanac. 

If  the  object  be  the  moon,  find  ihe  time  of  its  meridian  passage  at 
Greenwich,  in  page  IV  of  the  month  in  the  Nautical  Almanac,  and 
reduce  it  to  the  time  of  its  passing  the  meridian  of  the  given  plaee,  by 
Table  21,  then  find  the  corresponding  time  at  Greenwich  in  tiie  usual 
manner,  and  take  out  the  moon's  de(mnatio(n  from  the  Nauiical  Almaoae 
oerrenxmding  to  this  time,  witk  whidi,  and  the  latitude  of  thegiv^ 
plaoe»  find  the  time  by  the  present  table.  Add  to  this  the  minutes  cor- 
remendiog  to  it  and  the  moon's  daily  variation  taken  from  Table  21| 
Mid  subtract  the  sum  from  or  add  it  to  the  time  of  the  moon's  jneridian 
passage  at  the  given  place,  according  as  the  observation  is  to  be  made 
befi>re  or  afker  it,  and  the  result  wUl  be  the  mean  time  required 

The  meridian  passages  of  the  moon  and  planets  wr^  given  in  the 
Nautical  Almanac  for  mean  time,  the  time,  therefore,  when  they  are  on 
or  near  the  prime  vertical,  may  be  reduced  to  apparent  time,  by  amlying 
the  equation  of  time  taken  from  page  11  of  the  month  in  the  Nautioal 
Almanac. 

By  this  table  also,  the  altitude  of  a  celestial  obiect,  when  in  the  prime 
vertical  or  at  its  nearest  approach  thereto,  may  be  very  nearl  v  found, 
for  which  purpose  the  table  is  to  be  entered  as  before,  with  the  decli- 
nation at  the  top,  and  the  latitude  in  the  lefk  side  column,  even  with 
which,  in  the  columa  marked  Alt  at  tbet  top^  will  be  found  the  altitade 
required* 


OF  TKB   TABIMB.  SOI 

TABiJE  41. 

Amplitudes, 

By  this  table  the  true  amplitude  is  taken  out  l\j  inepection^  whereby 
{he  method  of  Sndiug  £he  variation  of  the  compa^,  bv  comparing  the 
magnetic  with  the  true  amplitude,  is  very  luuch  expedited.  The  table 
is  to  be  entered  with  the  ''Declination ''  at  the  top,  and  the  " Lat"  in 
the  left  side  column,  and  when  the  minutes  of  the  Lat.  or  Declination 
are  nearly  30,  or  half  a  degree,  a  mean  may  be  taken  of  the  ampUtudes 
found  for  the  two  nearest  degrees. 

TAJBLS  42. 

Omrection  far  ihe  time  4jf  High  Water. 

TMs  table  contains  a  correction  which  is  the  effect  df  tte  ^tm*s  ^tion 
in  accderatm^  or  retarding  the  time  of  high  water,  produced  hy  the 
attraction  of  nre  moo/n.  The  table  is  to  fce  entered  with  the  moon's 
gemi^lmmeter  (taken  from  page  III  of  the  month,  in  the  Nautical  Al- 
manac) or  the  nearest  to  it  at  the  top,  and  the  time  of  the  moon's  pa^ 
sage  oyer  the  meridian  in  one  of  the  -side  uohmms  so  lentitled.  The 
correction  is  to  be  apphed  to  the  time  of  the  moon's  passage  over  the 
meridian  by  addition  or  subtraction,  as  the  sign  -f  or  —  is  prefixed 

to  It, 

TABLE  43. 

To  convert  intervaU  of  mean  solar  time  into  intervals  of  sidereal  time. 

(From  the  Nautical  Almanac.) 

This  table  is  used  for  converting  mean  solar  time  into  sidereal  time ; 
shewing  the  changes  of  the  sun's  mean  right  ascension,  in  a  mean  solar 
day,  or  the  increase  of  sidereal  on  mean  solar  interyals.  When  used 
for  reducing  the  sidereal  time  mean  noon  at  Oreenwich^  to  any  other 
meridian,  me  longitude  must  be  converted  into  time,  and  then  apphed 
to  the  table  as  usual,  adding  the  acceleration  for  the  longitude  to  the 
adereal  time  at  the  preceding  mean  noon,  in  west  longitude,  and  sub- 
tracting it  in  east  longitude. 

TABLE  43  a. 

The  mean  Seduction  of  the  Maoris  horvsontal  parallax  for  the  spheroidal 

figure  of  the  Earth. 

Since  it  is  the  moon's  equatorial  horizontal  parallax  that  is  given  in 
the  Nautical  Almanac,  which  is  the  angle  which  the  Earth's  equatorial 
fiemidiameter  subtends,  as  seen  from  the  moon,  at  her  several  varying 
distances  firom  the  earth,  it  is  necessary  to  apply  the  correction  n*om 
this  table  to  it,  in  places  distant  from  the  equator,  the  parallax  also 
varying  with  the  distance.  This  reduction  arises  from  the  spheroidal 
figure  of  the  earth,  and  where  accuracy  is  required,  it  should  be  attended 
to,  since  the  neglect  of  it  may  occasion  au  error  of  several  seconds  in 
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the  lunar  distance,  and  in  some  instances,  an  error  of  5'  in  the  longitude. 
For  the  application  of  the  correction  see  page  164.  The  correction  maj 
be  computed  by  the  following : 

Rule. — ^To  the  logarithm  of  the  moon's  horizontal  parallax,  reduced 
to  seconds,  add  twice  the  logarithmic  dne  of  the  latitude,  and  the  con- 
stant logarithm  7'52288 ;  the  sum,  rejecting  10  from  the  index,  will  be 
the  logarithm  of  the  required  reduction  of  paraUax. 


TABLE  44. 
LoHtudea  and  Longitude$  of  Places,  j*c. 

This  table  contains  the  geographical  portions  of  the  principal  Forts, 
Harbour,  Capes,  &c.  in  the  W  orld,  corrected  by  the  most  recent  obeer- 
rations,  together  with  the  time  of  high  water  on  the  full  and  chsage 
days  of  tiie  moon  at  all  the  prindpal  r orts,  &c.  with  the  yertical  riae 
of  the  spring  tides  in  feet,  xo  this  table  is  likewise  added  the  principal 
Lighthouses,  &c.  with  a  description  of  the  respectiye  lights,  and  th^ 
heights  aboye  the  leyel  of  the  sea. 


TABLES 


Pmffe 
102 
111 


ERRATA    IN    TABLR8. 

WlUrm^  V  *  •  •  •  • 

10-303010     .... 


151  cor.  for  alt.  vnder  3'  2* 


rtttd 
index  9' 
10*301010 
3" 


TABLE    I.                                            1 

Traverse  Table  to  i  Point  =  2°  49' 

m^ 

hBL 

Dep.tDist. 

Lat. 

Dep. 

Dbt. 

Lat. 

Dep. 

DlBi 

Lat.      Dep.JDist  Lat. 

Dep. 

I 

10 

0  0 

61 

60*9 

3-0 

121 

120*9 

5-9 

181 

180-8 

8-9 

241    240-7 

11*8 

2 

2  0 

0-1 

62 

61-9 

3  0 

122 

121-9 

6-0 

182 

181-8 

8-9 

24^   241  -7 

11*9 

3 

3  0 

01 

63 

62-9 

3*1 

123 

122*9 

6-0 

183 

182-8 

9-0 

243  1  242  7 

11-9 

4 

4  0 

0-2 

64 

63-9 

3-1 

124 

123*9 

6-1 

184 

183-8 

9-0 

244   243-7 

12*0 

5 

5*0 

0-2 

65 

64*9 

3-2 

125 

124*9 

61 

185 

194-8 

91 

245   244-7 

12  0 

6 

6  0 

0-3 

66 

65-9 

3-2 

126 

125-8 

6-2 

186 

185*8 

9-1 

246   245-7 

12-1 

7 

7-0 

0-3 

67 

66-9 

3-3 

127 

126-8 

6-2 

187 

186-8 

9-2 

247  246-7 

12  1 

8 

8  0 

0-4 

68 

67-9 

3*3 

128 

127-8 

6-3 

188 

187-8 

9-2 

248,247-7 

12-2 

9 

9-0 

0-4 

69 

68-9 

3*4 

129 

128-8 

6-3 

189 

188-8 

9-3 

249   248-7 

12-2 

\0 

10  0 

0-5 

70 

69-9 

3*4 

130 

129-8 

6-4 

190 

189-8 

9-3 

250  249-7 

12-3 

11 

11-0 

0-5 

71 

70-9 

3-5 

131 

130-8 

6-4 

191 

190-8 

9-4 

251,250-7 

12-3 

12 

12-0 

0-6 

72 

71-9 

3-5 

132 

131-8 

6-5 

192 

191-8 

9*4 

252   251-7 

12-4 

15 

13-0 

0*6 

73 

72-9 

3*6 

133 

132-8 

6-5 

193 

192-8 

9-5 

253,252-7 

12-4 

14 

14*0 

0-7 

74 

73-9 

3*6 

134 

133-8 

6-6 

194 

193*8 

9-5 

254 '253 -7 

12-5 

15 

15  0 

0-7 

75 

74-9 

3*7 

135 

134-8 

6*6 

195 

194-8 

9-6 

255   254  -7 

12-5 

16 

16  0 

0-8 

76 

75-9 

3*7 

136 

135-8 

6*7 

196 

195-8 

9*6 

256   255-7 

12-6 

17 

17  0 

0*8 

77 

76-9 

3-8 

137 

136-8 

6*7 

197 

196*8 

9*7 

257 

256-7 

12-6 

1« 

18  0 

0-9 

78 

77-9 

3*8 

138 

137-8 

6-8 

198 

197-8 

9-7 

258 

257*7 

12*7 

19 

19-0 

0-9 

79 

78-9 

3-9 

139 

138*8 

6-8 

199 

198*8 

9-8 

259 

258-7 

12-7     1 

ao 

20-0 

10 

80 

79-9 

3*9 

140   139  *8| 

6*9 

200 

199-8 

9-8 

260 

259*7 

12-8     1 

21 

21-0 

1-0 

81 

80-9 

4-0 

141 

140-8 

6*9 

201 

200-8 

9-9 

2611260-7 

12-8     1 

22 

22-0 

1-1 

82 

81-9 

4*0 

142 

141*8 

7*0 

202 

201*8 

9-9 
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23 

23-0 

11 

83 

82*9 

4*1 

143 

142*8 

7  0 

203 

202-8 

10  0 

263 

24 

24-0 

1-2 

84 

83-9 

4*1 

144 

143*8 

71 

204 

203*8 

10*0 

264 

25 

25-0 

1.2 

85 

84-9 

4*2 

145 

144*8 

7  1 

205 

204-8 

10  1 

265 

26 

26  0 

1-3 

86 

85-9 

4*2 

146 

145*8 

72 

206 

205*8 

10-1 

266 

27 

27-0 

1-3 

87 

86-9 

4*3 

147 

146-8 

7-2 

207 

206*8 

10*2 

267       •                     1 

28 

28  0 

1-4 

88 

87-9 

4*3 

148 

147-8 

7-3 

208 

207*8 

10*2 

268 

29 

29  0 

1-4 

89 

88-9 

4*4 

149 

148-8 

7-3 

209 

208*8 

10*3 

£Qw     te^w    t   ■  AW    A       a 

30 

30-0 

1-5 

90 

89-9 

4*4 

150 

149-8 

7-4 

210 

209-8 

10*3 

270  269-7 

13*3 

31 

31-0 

1-5 

91 

90-9 

4*5 

151 

150*8 

7*4 

211 

210-7 

10-4 

271 

270-7 

13-3 

32 

32  0 

1-6 

92 

91-9 

4-5 

152 

151*8 

7-5 

212 

211*7 

10-4 

272 

271*7 

13-3 

33 

33  0 

1-6 

93 

92-9 

4-6 

153 

152-8 

7-5 

213 

212*7 

10-5 

273 

272*7 

13-4 

34 

34-0 

1-7 

94 

93-9 

4*6 

154 

153*8, 

7-6 

214 

213*7 

10-5 

274 

273-7 

13-4 

35 

35-0 

1-7 

95 

94-9 

4-7 

155 

154-8 

7-6 

215 

214-7 

10*6 

275 

274*7 

13-5 

36 

36-0 

1-8 

96 

95-9 

4*7 

156 

155*8 

7*7 

216 

215*7 

10-6 

276 

275*7 

13*5 

37 

37-0 

1-8 

97 

96-9 

4*8 

157 

156-8 

7-7 

217 

216*7 

10-7 

277 

276-7 

13-6 

38 

38-0 

1-9 

98 

97-9 

4*8 

158 

157-8 

7-8 

218 

217-7 

10-7 

278 

277*7 

13-6 

39 

39-0 

1-9 

99 

98-9 

4*9 

159 

158*8 

7*8 

219 

218-7 

10-8 

279 

278-7 

13-7 

40 

40  0 

20 

100 

99-9 

4*9 

160 

159-8 

7-9 

220 

219*/ 

10-8 

280 

279-7 

13-7 

41 

41-0 

2-0 

101 

100*9 

5*0 

161 

160*8 

7-9 

221 

220-7 

10-8 

281 

280*7 

13-8 

42 

41-9 

2-1 

102 

101-9 

5-0 

162 

161-8 

8-0 

222 

221-7 

10-9 

282 

281*7 

13-8 

43 

42-9 

2  1 

103 

102*9 

5*1 

163 

162*8 

8-0 

223 

222*7 

10-9 

283 

282-7 

13-9 

44 

43-9 

2-2 

104 

103>-9 

5*1 

164 

163-8 

8-1 

224 

223-7 

11-0 

284 

283-7 

13-9 

45 

44-9 

2-2 

105 

104-9 

5-2 

165 

164*8 

8-1 

225 

224*7 

11  0 

285 

284-7 

14  0 

46 

45-9 

2-3 

106 

105*9 

5*2 

166 

165-8 

8-2 

226 

225*7 

11-1 

286 

285*7 

14-0 

47 

46-9 

2-3 

107 

106-9 

5*3 

167 

166*8 

8-2 

227 

226-7 

11-1 

287 

286-7 

14  1 

48 

47-9 

2-4 

108 

107-9 

5-3 

168 

167-8 

8-2 

228 

227-7 

11*2 

288 

287-7 

14  1 

49 

48-9 

2-4 

109 

108-9 

5-4 

169 

168-8 

8-3 

229 

228-7 

11-2 

289 

288-7 

14-2 

50 

49-9 

2-5 

110 

109-9 

5-4 

170 

169*8 

8-3 

230 
231 

229*7 

11-3 

290 

289*7 

14-2 

51 

50-9 

2-5 

HI 

110*9 

5*5 

171 

170-8 

8*4 

230-7 

11-3 

291 

290-7 

14*3 

52 

51*9 

2-6 

112 

111*9 

5-5 

172 

171.8 

.   8-4 

232 

231*7 

11-4 

292 

291-7 

14-3 

53 

52-9 

2-6 

113 

112-9 

5-5 

173 

17^-8 

8-5 

233 

232-7 

11-4 

293 

292-7 

14*4 

54 

53-9 

2-7 

114 

113-9 

5*6 

174 

173-8 

8-5 

234 

233*7 

11-5 

294 

293-6 

14-4 

55 

54.9 

2-7 

115 

114*9 

5*6 

175 

174-8 

8-6 

235 

234*7 

11-5 

295 

294*6 

14-5 

56 

55*9 

2-8 

116 

115*9 

5-7 

176 

175-8 

8*6 

236 

235*7 

11-6 

296 

295-6 

14*5 

57 

56-9 

2-8 

117 

116*9 

5-7 

177 

176-8 

e-7 

237 

236*7 

11*6 

297 

296*6 

14*6 

5B 

57-9 

2-9 

118 

117-9 

5*8 

178 

177-8 

8-7 

238 

237*7 

11*7 

298 

297-6 

14*6 

59 

58-9 

2-9 

119 

118-9 

5*8 

179 

178-8 

8-8 

239 

238-7 

11*7 

299 

298-6 

14*7 

60 

59-9 

2-9 

120 

119-9'  6*9 

1801179-8 

8*8 

240   239*3 

'   11-8 

1   300 

299-6 

1   14-7 

Dial 

Dep. 

Jjat,  ^DiKt 

.   Dep.     Lat.  ^DiBt.t  Dep.  i  L&t. 

Dut.  Dep. 

Lat.  1  Dial 

t   Dep. 

Lat. 

m 


7i  Points  =  87M1' 


3 


TABLE    I. 
TUk  to  I  Poiril  =  5-  37' 


1 

2 
3 
4 
5 
€ 
7 
S 
9 
10 

11 
12 
13 
14 
15 
U 
17 
18 
19 


!-« 
2i> 
3-0 
4-0 
3-0 
«^ 
7-0 
8-0 
9-0 
10-0 


•  1 
0-2 
0-3 

•  •4 
0-3 

•  -6 

•  •7 

•  '8 

•  -9 
1-0 


61  64-7 

§2'  ei-7 

S3.  62-7 

ei  63*7 

66  65-7 

6;  66-7 

68'  67.7 

69.  68-7 

70  69-7 


6-0 

6-1 
■   6-2 

6-3 
I  6-4 
.'   6-3 

6-6 
'  6-7 
*   6-8 

6^ 


1 — z 


Dep. 


121  120-4 
121-4 
122-4 
123-4 
124-4 
125-4 
126-4 
127-4 
129' 128-4 
130   129-4 


123 
124 
125 
126 
127 
128 


11-9 
12-0 
12-1 
12-2 
12-3 
12-3 
12-4 
12-3 
12-6 
•12-7 


j    lM.\Def, 


18pl8D-l 

182  181  -1 

183  182-1 


1»4 
185 


187 
188 
189 
190 


183 
184 
183 


187 
188 
109 


117-7 
17-8 
17-9 
18-0 
18-1 
18-2 
18-3 
18-4 
18-3 
18-6 


T 

'191 

193 


DistI 


241.239-8 
242 !  240  -8 
243 :  241  -8 
244;  242-8 
245!  243 -8 
246 !  244  -8 

247  243-8 

248  246-8 
849  247-8 
250  248-8 


Dep. 


23*6 
0-7 
23-8 
23-9 
21-0 
24*1 
24-2 
24-3 
24*4 
24-3 


21 
22 
23 
24 
25 
26 
27 


10-9 
11-9 
12-9 
13-9 
14-9 
15-9 
16-9 
17-9 
18-9 
19-9 


1 
1 
1 
1 
1 


1 
•2 
3 
'4 
5 


!  1-6 


29 
30 


31 
32 
33 
34 

35 
36 
37 
38 
39 
40 


20-9 
21-9 
22-9 
23-9 
24-9 
25-9 
26-9 
27-9 
28-9 
29-9 


1-7 
1-8 
1-9 
2-0 


2-1 
2-2 
2.3 
2-4 


n, 

72' 

73' 

74 

75 

76- 

78  j 


79 


iO-7 
71-7 
72-6 
73-6 
74-6 
75-6 
76-6 
77-6 
78-6 
79-6 


I 


7-0 
7-1 
7-2 
7-3 


41 
42 
43 
44 

45 

46 
47 

48 
49 
50 


30-9 
31-8 
32-8 
33-8 
34-8 
35-8 
36-8 
37-8 
38-8 
39-8 


2 
2 
2 
2 
2 
2 


•4 

•5 
6 

7 
8 
9 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


40 
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49 
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y 
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7 
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134 
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90 
91 
92 
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94 
95 
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6 
6 
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62-7 

5-2 

53-7 
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154 
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•4 

•5 
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•7 


191 
192 
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199 
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1 
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1 
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196-1 
!  197*0 

198-0 
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204 
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169 
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14-9 
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•1 
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19-1 
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19-3 


251 
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214*0 
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216-0 
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217-9 
218-9 
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19-7 
19-8 
19-9 
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20-1 
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4 
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254-8 
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259 
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24*7 
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16 

16 
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16 
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225 
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227 
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232 
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235 
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222*9 
223*9 
224-9 
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230-9 
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237*8 
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21 
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22-0 
22-1 
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•4 
-5 


Dep.  I  Lat. 
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28-3 
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28 

28 
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28 

29 

29 

29 
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62 
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17-9 
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3 
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63 
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9*2 
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183 
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« 
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64 
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18-2 
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& 
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65 
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125 
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6 

5*9 

0-9 

66 
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7 
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10 

67 
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.9-8 
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18-6 
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27  -4  -;  247   244  -3 

36-2 

s 

7-9 
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68 
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69 
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70 
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11 
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71 
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1-8 

72 
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10-6 
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189-9 
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73 
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28-3 
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74 
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10*9 
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132-6 

19-7 
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28-5 
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37-3 
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14-8 

2-2 

75 

74-2 

11  0 
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133-5 

19-8 
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28-6 
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252-2 

37-4 
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15-8 

2-3 

76 
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11-2 

136 
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28-8 
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77 
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17-8 
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78 
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20-3 
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1     *9 

18-8 

2-8 

79 
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11-6 
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137-5 

20*4 
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196-8 

29-2 

259 

256-2 

38-0 

1 

20 

19-8 

2-9 

80 

79-1 

11-7 

140 

138-5 

20*5 
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197-8 

29.4 
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257-2 

38-2 

21 

20-8 

3-1 

81 

80  1 

11-9 

141 

139-5 

20-7 

201 

198*8 

29-5 

261 

258-2 

38-3 
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21*8 

3-2 

82 

81 '1 

12-0 

142 

140-5 

20-8 

202 

199-8 

29-6 
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259-2 

38-4. 

23 

22-8 

3-4 

83 

82-1 

12-2 

143 

141-5 

21-0 

203 

200-8 

29-8 

263 

260-2 

38-6 

24 

23-7 

3-5 

84 

83-1 

12*3 

144 

142-4 

21-1 

204 

201-8 

29-9 

264 

261-1 

38*7 

25 

24-7 

3-7 

85 

841 

12-5 

145 

143-4 

21-3 

205 

202  -8 

30-1 

265 

262-1 

38*9 

26 

25-7 

3-8 

86 

85-1 

12-6 

146 

144-4 

21-4 

206 

203-8 

30-2 

266 

263-1 

39  0 

27 

26-7 

4  0 

87 

86  1 

12-8 

147 

145-4 

21-6 

207 

204-8 

30-4 

267 

264-1 

39*2 

28 

27-7 

4  1 

88 

87-1 

12-9 

148 

146-4 

21-7 

208 

205-8 

30-5 

268 

265-1 

39-3 

1     ^ 

28-7 

4-3 

89 

88-0 

13-1 

149 

147-4 

21-9 

209 

206*7 

30-7 

2G9 

266*1 

39*5 

30  129-7 

4-4 

90 

89-0 

13-2 

130 

148-4 

22-0 

210 

207-7 

30-8 

270 

267-1 

39-6 

51  1 

30-7 

4-G 

91 

90-0 

13-4 

151 

149-4 

22-2 

211 

208-7 

31-0 

271 

268  1 

39-8 

32 

31-7 

4-7 

92 

91-0 

13-5 

152 

150-4 

22-3 

212 

209-7 

31-1 

272 

269-1 

39*9 

33 

32-6 

4-8 

93 

92  0 

13-7 

153 

151-3 

22-5 

213 

210-7 

31-3 

273 

270-0 

40*1 

34 

33-6 

5  0 

94 

93-0 

13-8 

154 

152-3 

22-6 

214 

211-7 

31-4 

274 

271  0 

40-3 

35 

34-6 

51 

95 

94  0 

13-9 

155 

153-3 

22*7 

215 

212-7 

31-6 

275 

272-0 

40-4 

36 

35-6 

5-3 

96 

95-0 

14  1 

156 

154-3 

22*9 

216 

213-7 

31*7 

276 

273-0 

40*5 

37 

36-6 

5-4 

97 

96-0 

14*2 

157 

155-3 

23-0 

217 

214-7 

31-8 

277 

274-0 

40-6 

38 

37-6 

5-6 

98 

96-9 

14-4 

158 

156-3 

23-2 

218 

215-6 

32-0 

278 

275  0 

40-8 

39 

38-6 

5-8 

99 

97-9 

14*5 

159 

157-3 

23-3 

219 

216-6 

32-1 

279 

276  0 

40-9 

40 

39-6 

5-9 

100 

98-9 

14-7 

160 

158-3 

23-5 

220 

217-6 

32-3 

280 

277  0 

41-1 

41 

40*6 

6  0 

101 

99-9 

14-8 

161 

159-3 

23-6 

221 

218-6 

32-4 

281 

278-0 

41-2 

42 

41-6 

6-2 

102 

100-9 

15-0 

162 

160-3 

23-8 

222 

219-6 

32-6 

282 

279  0 

41-4 

43 

42-5 

6-3 

103 

101-9 

15-1 

163 

161-2 

23-9 

223 

220-6 

32-7 

283 

279-9 

41-5 

44 

43-5 

6-5 

104 

102-9 

15.3 

164 

162-2 

24  1 

224 

221-6 

32-9 

284 

280-9 

41-7 

45 

44-5 

6-6 

105 

103-9 

15-4 

165 

163-2 

24-2 

225 

222-6 

33-0 

285 

281-9 

41  8 

46 

45-5 

6-8 
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104-9 

15-6 

166 

164-2 

24-4 
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223-6 

33-2 

286 
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47 

46-5 

6*9 
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15-7 
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24-5 

227 
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33-3 

287 

283-9 

42-1 

48 

47-5 
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15-9 
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24-7 

228 

225-5 

33-5 

288 
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42*3 

49 

48-5 
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107-8 
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24*8 
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33*6 
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42-4 

50 

49-5 

7-3 
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108-8 

16-1 
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168-2 

24-9 

230 

227-5 

33-8 

290 

286  -9 

42-6 

51 

50-5 

7-5 

111 

109-8 

16-3 

171 

169-2 

25-1 

231 

228-5 

33-9 

291 

287-9 

42-7 

52 

51-5 

7-6 

112 

110-8 

16-4 

172 
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25-2 

232 

229-5 

34-0 

292 

288-8 

42*9 

53 
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7-8 

113 
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16-6 
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25.4 
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230-5 

34-2 
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43-0 

54 
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79 
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16-7 
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25-5 
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34-3 
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43-1 

55 
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115 

113-8 

16-9 
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25-7 

235 

232-5 

34.5 

295 

291-8 

43*3 

56 

55-4 
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116 

114-7 

17-0 

176 
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25-8 

236 

233-4 

34-6 

296 

292-8 
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57 

56-4 

8-4 
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115-7 

17-2 
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26-0 
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58 
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34-9 
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43-7 

59 
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8-7    119 
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17-5 
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43-0 

60 

59-4 
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17-6 
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39-0 

260   255-0 

50-7 

2:    ^.*'6 

4  1 

SI 

79  4    15-8 

141 ;  138-3127-5 

201    197-1 

39-2 

261    256-0  50-9 

22     21* 

4-3 

82 

90  4    16-0 

142' 139-3 

27-7 

202   198-1 

39-4 

262  257  0  51-1 

2i    2J-6 

4-5 

S3 

81-4    16-2 

143- 140-3 

27-9 

203    199-1 

39-6 

263  258-0 

51-3 

24     23  o 

4-7 

S4 

82-4.16-4 

144 

141-2 

28-1 

204   200-1 

39*8 

264  258-9 

51-5 

25     24-5 

4-9 

85 

83-4,16-6 

145 

142-2 

28-3 

205   201  1 

40-0 

265  259-9 

51-7 

26     2i-5 

5-1 

86 

84  -4    16  -8 

146 

143-2 

28-5 

206   '202-0 

40-2 

266  260-9 

51-9 

27     26  -5 

5  3 

87 

85-3   17-0 

147 ;  144--2 

28-7 

207   203 -«   40-4 

267  261-9 

52  1 

28     27-5 

5-5 

88 

86-3    17-2 

148;  145 -2 

28-9 

208   204-0   40-6 

268  262-9 

52-3 

29     2:*-4 

■   5-7 

89 

87-3    17-4 

149 

146-1 

29-1 

209   205-0   40-8 

269  263-8 

52-5 

30 

29-4 

5.9 

90 

88-3.17-6 

150 

147-1 

29-3 

210   206-0 141-0 

270  264-8 

52-7 

31 

i30-4 

6-0 

91 

89-2,17-8 

151 

148-1 

29-5 

211    207-0:41-2 

271  265-8 

52-9 

32  i  31  -4 

i  **2 

92 

90-2    18-0 

152 

149-1 

29-7 

212   207-9 

41-4 

272  266-8 

531 

33 

32-4 

'   6-4 

931 

91-2' 18  1 

153 

150-1 

29-9 

213   209-9141-6 

273  267-8 

53-3 

34 

33-3 

.    6'^ 

94. 

92-2    18-3 

154 

151-0 

30-0 

214   209-9 

41-8 

274   268-7 

53-5 

35 

34-3 

6-8 

95j 

93-2' 18-5 

155 

152-0 

30-2 

215   210-9 

41-9 

275,269-7 

53-6 

36 

35-3 

7  0 

96: 

94-2    18-7 

156 

153-0 

30-4 

216   211-9 

42-1 

276  270-7 

53*8 

37  ,'36 -3 

7-2 

97; 

95  1118 -9 

157 

154-0 

30-6 

217   212-8 

42-3 

277  271  -7 

54-0 

38  J  37 -3 

7-4 

98' 

96i:i91 

158 

155-0 

30-8 

218 .  213  -8 

42-5 

278*272-7 

54-2 

39 

38-3 

7  6 

99! 

97i;i9-3 

159 

156  0 

31-0 

219.214-8 

42-7 

279   273-6 

54-4 

40 

39-2 

7-8 

100' 

98  11 19-5 

160 

156-9 

31-2 

2-20  215-8 

42-9 

280   274-6 

54-6 

41 

40-2 

8  0 

101 

99l;i9-7 

161 ;  157-9  131-41 

•221  .  216  -8 

43-1 

281   275-61 

54-8 

42 

41-2 

8-2 

102 

100  0  '  19  -9 

162 

158*9 

31*6 

222   217-7 

43-3 

282   276-6  55-0 

43 

42-2 

8-4 

103 

101-0,  20  1 

163 

159-9 

31-8 

223  218-7 

43*5 

283  277  6  j  55*2 

44 

43-2 

8-6 

104 

102  0   20-3 

164 

160-9   32-0 

224   219-7 

43-7 

284   278-5   55*4 

45 

44  1 

8-8 

105 

103  0,  20-5 

165 

161-8   32-2 

225   220-7 

43-9 

285  279-5   55-6 

46 

45-1 

9  0 

106 

104  0120 -7 

166 

162*8   32-4 

2-26   221-7 

44  1 

286   280-5   55-6 

47 

46  1 

9-2 

107 

104-9;  20-9 

167 

163-8,32-6 

227   222-6 

44*3 

287   281-5 

56-0    1 

48 

47  1 

9-4 

108 

105 -91  21  1 

168 

164  -8   32  -8 

228   223-6 

44-5 

288   282-5 

56-2    1 

49 

48*1 

9-6 

109. 

106 -9;  21 -3 

169 

165  -8  ,  33  0 

2*29   224-6 

44*7 

289   283-5   56-4 

50 

49  0 

9'8J 

110 

107  -9  •  21  -5 

170 

166-7   33-2 

230   225-6 

44*9 

290  284 -4 '56 '6 

51 

50  0 

10  0 

111 

108-9   21-7 

171 

167-7.33-4 

231   226-6 

45-1 

291   285-4   56-8 

52 

51  0 

10  1 

112 

109  '9   21  -9 

172 

168-7   33*6 

232  227-5 

45-3 

292   286-4   57*0 

53 

52  0 

10*3 

113 

110  a!  22-0 

173 

169-7  33-8 

233   228-5 

45*5 

293   287-4   57-2 

54 

53  0 

10-5 

114 

111 -8,  22-2 

174 

170-7.34-0 

234   229-5 

45-7    294    288-4 

57  •« 

55 

53-9 

10-7 

115 

112-8   22-4 

175 

171-6  34  1 

235   230-5 

45-91295   289-3 

57-6 

56 

54-9 

10-9 

116 

113-8   22-6 

176 

172-6   34-3 

236  231-5 

46-0 

2'W5   290-3 

57*7 

57 

55-9 

11-1 

117 

114-8  22*8 

177 

173-6   34-5 

237  232-5 

^6-2 

297   291-3 

57-9 

58 

56-9 

11-3 

118 

115 -71  23  0 

178 

174*6   34-7 

238   233-4 

46-4 

29f^   292-3 

58-1 

59 

57-9 

11-5 

119 

116 -7   23 -2 

179 

175-6   34-9 

239   234-4 

46-6 

290   293-3 

58-3 

60 

58-8 

11 -7 '120 

117 -7 '23 -4 

180 

176-5:35-1 

240   2^-4 

46-8 

300   294-2 

58-5 

Dili  Dep. 

Lat.  |I>ift 

Dep.  1  Lat. 

Distj 

Dep.     Lftt. 

Dist   Dep. 

Lat.  JDift  Dep.  |  Lit    1 

7Pomte  =  78'45'                                              1 

TABLE  1.                                             5 

Traverse  Table  to  IJ  Points  =   14*  4' 

« 

Dist'  lilt. 

• 

I>q>.fDist 

\   Lat.     Dq>. 

Dirt    Lat. 

Dep.JDist 

Lat. 

Dep. 

Dut|   Lat. 

D^. 

1 

10 

0-2 

61 

59-2   14-8 

121.117 

•4 

29-4 

181 

175-6 

44 

•0 

241    233 

'8 

58-6 

2 

1-9 

0-5 

62 

60-1 

15-1 

122 1 118 

•4 

29*6 

182 

176-5 

44 

'2 

242   234 

■8 

58-8 

3 

2-9 

0-7 

63 

61-1 

15-3 

123 

119 

•3 

29-9 

183 

177-5 

44 

'5 

243 

235 

7 

59-0 

4 

3-9 

1-0 

64 

62-1 

15-6 

124 

120 

■3 

30-1 

184 

178-5 

44 

•7 

244 

236 

7 

59-3 

5 

4-9 

1-2 

65 

63-1 

15-8 

125 

121 

3 

30-4 

185 

179-5 

45 

•0 

245 

237 

7 

59-5 

6 

5-8 

1-5 

66 

640!160 

126 

122 

•2 

30-6 

186 

180-4 

45 

•2 

246 

238 

•6 

59-8 

r 

6-8 

1-7 

67 

65-0116-3 

127 

123 

'2 

30-9 

187 

181-4 

45 

•4 

247 

239 

6 

60-0 

1     ^ 

7-8 

1-9 

68 

66-0 

16-5 

128 

124 

2 

31  1 

188 

182-4 

45 

•7 

248 

240 

6 

60-3 

1     ^ 

8-7 

2-2 

69 

66-9 

16-8 

129 

125 

1 

31-3 

189 

183-3 

45 

'9 

249 

241 

6 

60-5 

1  ^"^ 

9-7 

2-5 

70 

67-9 

17-0 

130 

126 

1 

31-6 

190 
191 

184-3 

46 

2 

250 

242 

•5 

60-8 

1   ^^ 

10-7 

2-7 

71 

68-9 

17-3 

131 

127- 

1 

31-8 

185-3 

46 

-4 

251 

243 

'5 

61-0 

1     12 

U-6 

2-9 

72 

69-9 

17-5 

132 

128 

1 

32-1 

192 

186-2 

46 

•7 

252 

244 

'5 

61-2 

1    ^^ 

12-6 

3-2 

73 

70-8 

17-7 

133 

129' 

0 

32-3 

193 

187-2 

46 

9 

253 

245 

4 

61-5 

1    ^^ 

13-6 

3-4 

74 

71-8 

18-0 

134 

130- 

0 

32-6 

194 

188-2 

47 

1 

254 

246 

4 

61-7 

1    ^* 

14-6 

3-6 

75 

72-8 

18-2 

135 

131- 

0 

32-8 

195 

189-2 

47 

•4 

255 

247 

4 

62-0 

16 

15-5 

3-9 

76 

73-7 

18-5 

136 

131 

9 

33-1 

196 

190-1 

47 

6 

256 

248 

3 

62-2 

17 

16-5 

4  1 

77 

74-7 

18-7 

137 

132- 

9 

33-3 

197 

191-1 

47 

9 

257 

249' 

3 

62-5 

18 

17-5 

4-4 

78 

75-7   19  0 

138 

133- 

9 

33-5 

198 

192-1 

48 

1 

258 

250- 

3 

62-7 

19 

18-4 

4-6 

79 

76  -6  •  19  -2 

139 

134 

8 

33-8 

199 

193-0 

48' 

4 

259 

251- 

3 

62-9 

20 

19-4 

4.9 

80 

77  -6  '  19  -4 

140 

135 

8 

34.0 

200 

194-0   48 

6 

260 

252- 

2  63-2 

21 

20-4 

5*1 

81 

78-6:19-7 

141 

136 

8 

34-3 

201 

195-0   48 

8 

261 

253- 

2   63-4 

22 

21-3 

5-4 

82 

79-6   19-9 

142 

137 

-8 

34-5 

202 

196-0   49- 

1 

262 

254- 

2 

63-7 

23 

22-3 

5-6 

83 

80-5 

20-2 

143 

138 

7 

34-8 

203 

196-9   49 

3 

263 

255' 

1 

63-9 

24 

23-3 

5-8 

84 

81-5 

20-4 

144 

139 

•7 

35  0 

204 

197-9   49 

6 

264 

256' 

1 

64-2 

2S 

24-3 

61 

85 

82-5 

20-7 

145 

140 

•7 

35  -2   205 

198-9  49 

8 

265 

257' 

1 

64-4 

26 

25-2 

6-3 

86 

83-4 

20-9 

146 

141 

•6 

35-5   206!  199 -8!  50 

1 

266 

258 

0 ,  64  -6 

27 

26-2 

6*6 

87 

84-4 

21*1 

147 

142 

-6 

35-7   207   200-8  50 

3 

267 

259' 

1 
0   64  -9 

28 

27-2 

6-8 

88 

85-4 

21-4 

148 

143 

'6  36  O;  208   201 -8!  50 

5 

268 

260 

0   65-1 

29 

28  1 

7  1 

89 

86-3 

21-6 

149 

144 

-5   36-2   209   202 -7!  50 

-8 

269 

261 

0   65  -4 

30 

29  1 

7-3 

90 

87-3 

21-9 

150 

145 

•5 '36-5^ 

210  203-7 
,211   204-7 

51 

0 

270 

261' 

9   65-6 

31 

30-1 

7-5 

91 

88-3,22-1 

151 

146 

5  36 -7 i 

51 

3 

271 

262 

9   65-9 

32 

31-0 

7-8 

92 

89*3  22-4 

152 

147 

'4  1 36 -9   212  205-7151 

5 

272 

263 

9   66-1 

33 

32-0 

8-0 

93 

90-2  22-6 

153 

148 

4*37-2   213   206 -6 '51 

8 

273 

264 

8   66-3 

34 

33-0 

8-3 

94 

91  -2  !  22  -8 

1 

154 

149 

•4 

37 -4 '214   207 -6  52 

0 

274 

265' 

8   66-6 

35 

34-0 

8-5 

95 

92-2:23-1 

155 

150 

'4 

37-71215   208-6   52 

2 

275 

266 

8  66-8 

36 

34-9 

8-8 

96 

931|23-3 

156 

151 

3 

37-9   216  209-5'52 

5 

276 

267 

7   67  1 

37 

35-9 

9-0 

97 

941I23-6 

157 

152 

3 

38-2   217   210 -5 '52 

7 

277 

268 

7  67-3 

38 

36-9 

9-2 

98 

95-1  !23 -8 

158 

153 

3  *  38  -4 

218  211-5*53 

0 

278 

269 

7  67-6 

39 

37-8 

9-5 

99 

96-0  24  1 

159 

154 

2 ;  38  -6 

219   212-5*53 

2 

279 

270 

7   67-8 

40 

38-8 

9-6    100 

97  -0  24  -3 

160 

155 

2 !  38  -9 

220  213-4*53 

5 

280 

271 

6  68  0 

41 

39-8 

10  -0  i  101 

98-0  24-5 

161 

156 

2 

39-1:221   214-4   53 

7 

281 

272 

6   68-3 

42 

40-7 

10  -2    102 
10  -5    103 

99  -0  '  24  -8 

162 

157 

2 

39-4   222   215-4 

53 

9 

282 

273 

'6   68-5 

43 

41-7 

99-9   25-0 

163 

158- 

1 

39  -6   223  !  216  3 

54 

2 

283 

274 

'5   68-8 

44 

42-7 

10-7    104 
10  -9  { 105 

100-9  25-2 

164 

159- 

1 

39  -9   224 

217-3 

54 

4 

284 

275 

5   69  0 

45 

43-7 

101-9  25-5 

165 

160' 

1 

40  1 

225 

218-3 

54 

7 

285 

276 

■5   69-3 

46 

44-6 

11*2    106 

102  -8   25  -8 

166 

161- 

0 

40*3 

226 

219-2 

54 

9 

286 

277 

•4   69  5 

47 

45-6 

11-4    107 

103  -8  '  26  0 

167 

162- 

0 

40-6 

227 

220-2 

55 

2 

287 

278 

•4  1 69  -7 

48 

46-6 

11 -7: 108 
11-9]  109 
12-2hl0 

104  -8  1  26  -2 

168 

163* 

0 

40-8 

228 

221-2 

55 

4 

288 

279 

■4  1  70  0 

49 

47-5 

105-7   26-5 

169 

163* 

9 

41-1 

229 

222*2 

55  < 

1 

289 

280 

•4 

70-2 

50 

48 -5 

106-7  26-7 

170 

164  • 

9 

41-3   230 

223-1 

55 

290 

281 

3 

70-5 

51 

49-5 

12-4.111 

107  -7  ,  27  -0 

171 

165 

9 

41-6   231 

224-1 

56 

1 

291 

282 

3 

70-7 

52 

50-4 

12-6,112 

108  -7  1  27  -2 

172 

166 

9 

41-8   232 

225-1 

56 

4 

292 

283 

3 

71-0 

53 

51-4 

12 -7  J 

113 

109-6  27-5 

173 

167 

8 

42-0   233 

226  0 

56 

6 

293 

284 

2 

71-2 

54 

52-4 

13-1 

114 

110 -6  27 -7 

174 

168 

8 

42-3 

234 

227-0 

56 

9 

294 

285 

2 

71-4 

55 

53-4 

13-4 

115 

111 -6 '27 -9 

175 

169 

8 

42-5 

235 

228  0 

57 

1 

295 

286 

2 

71-7 

56 

54-3 

13 -6]  116 

112-5 

28-2 

176 

170 

7 

42-8 

236 

228-9 

57 

3 

296 

287 

1 

71-9 

57 

55-3 

13 -91117 

113*5 

28-4 

177 

171 

7 

43  -0  ^  237 

229-9 

57 

6 

297 

288 

1 

72-2 

58 

56-3 

14  It  118 
14  -3  \  119 

114-5   28-7 

178 

178 

'7 

43  -3  *  238 

230-9 

57 

8 

298 

289 

•1 

72-4 

59 

57-2 

115  *4i  28  -9 
116-4T29-2 

179 

173 

6 

43  -5 1 239 

231-8 

58 

1 

299 

290 

1 

72-7 

60 

58-2 

14  -6    120 

180 

174-6 

43 -7  {240 

232-8 

58-3 

300 

291 

0 

72-9 

^Mk«      . 

Dep. 

Ut.  fPiat 

Dep.  1  Lat.  |Dift;  Dep. 

Lat.|Dist 

Dep. 

Lat. 

Distj  Dep. 

Ut. 

6}  P<Miit8  =s  75*"  56' 


6                                            TABLE  I. 

Traverse  Tkble  to  1^  Points  =  16°  52' 

DUI 

t  Ut. 

Dep. 

Db 

t    Lat. 

Dep. 

Dist    UL 

Dep. 

Dist    Lat 

Dep. 

Difl 

t    Let 

Dep.  1 

1-0 

0-3 

61 

58-4 

17-7 

121 

115-8 

35-1 

181 

173-2 

52-5 

241 

230-6  700  1 

2 

1*9 

0*6 

62 

59-3 

18-0 

122 

116-8 

35-4 

182 

174-2 

52-8 

242 

231-6   70-3  1 

3 

2*9 

0-9 

63 

60-3 

18*3 

123 

117-7 

35-7 

183 

175  1 

53-1 

243 

232 -S 

\   70-5 

4 

3*8 

1-2 

64 

61-2 

18-6 

124 

118-7 

36-0 

184 

176-1 

53-4 

244 

233 -i 

1   70-8 

5 

4-8 

1-5 

65 

62-2 

18-9 

125 

119-6 

36-3 

185 

177  0 

53-7 

245 

234 -S 

►   71-1 

6 

6-7 

1-7 

66 

63-2 

19*2 

126 

120-6 

36-6 

186 

178-0 

54-0 

246 

235-4 

t   71*4 

7 

6-7 

2  0 

67 

64  1 

19-5 

127 

121-5 

36-9 

187 

179-0 

54-3 

247 

236-4   71*7 

8 

7-7 

2*3 

68 

65  1 

19-7 

|l28 

122-5 

37-2 

188 

179-9 

54-6 

248 

237-3   72-0 

9 

8*6 

2*6 

69 

66  0 

20*01129 
20  3 1 130 

123-5 

37-5 

189 

180-9 

54-9 

249 

238-3   72-3 

10 

9-6 

2-9 

70 

67  0 

124-4 

37-7 

190 

181-8 

55-2 

250 

239  -2 ;  72  -6 

11 

10*5 

3*2 

ii 

67-9 

20-6 

131 

125-4 

38  0 

191 

182 -8 

55-4 

251 

240 -2;  72 -9 

12 

11-5 

3*5 

72 

68-9 

20-9 

132 

126-3 

38-3 

192 

183-7 

55-7 

252 

241-2   73-2 

IS 

12-4 

3*8 

73 

69-9 

21-2 

133 

127-3 

38-6 

193 

184-7 

56-0 

253 

242-1    73-4 

14    13-4 

4-1 

74 

70-8 

21-5 

134 

128-2 

38-9 

194 

185-7 

56-3 

254 

243-1    73-7 

15    14*4 

4*4 

75 

71-8 

21-8 

135 

129-2 

39-2 

195 

186-6 

56*6 

2$5 

244  0   74  0 

16 

15-3 

4-6 

76 

72-7 

22  1 

136 

130*1 

39-5 

196 

187-6 

56-9 

256 

245  0   74  -3 

17 

16-3 

4*9 

77 

73 -jr 

22-4 

137 

131-1 

39-8 

197 

188-5 

57-2 

257 

245-9    74-6 

18 

17-8 

$•2 

78 

74-6 

22*6 

138 

132  1 

40-1 

198 

189-5 

57-5 

258 

246-9    74-9 

19 

18-8 

5-5 

79 

75-6 

22-9 

139 

133-0 

40-4 

199 

190-4 

57-81259 
58-l|260 

247-9   75-2    f 

20 

19  1 

5*8 

80 

76-6 

23-2 

140 

134-0 

40-6 

200 

191-4 

248 -8 '75 -5    i 

81 

80-1 

61 

81 

77-5 

23-5 

141 

134-9 

40*9 

201 

192  -3 

58-4 

261 

249 -8;  75 -8    ) 

82 

81*1 

6*4 

82 

78*5 

23-8 

142 

135-9 

41-2 

202 

193-3 

58-6 

262 

250-7  I  761    i 

83 

88-0 

6-7 

83 

79-4 

24*1 

143 

136*8 

41-5 

203 

194-3 

58  9 

263 

251-7 

76-3 

84 

23  0 

7  0 

84 

80-4 

24*4 

144 

137-8 

41*8 

204 

195-2 

59-2 

264 

252-6 

76-6 

85 

83-9 

7*3 

85 

81-3 

24-7 

145 

138-8 

42  1 

205 

196-2 

59-5 

265 

253-6 

76-9 

86 

84-9 

7-5 

86 

82-3 

25  0 

146 

139-7 

42-4 

206 

1971 

59-8 

266 

254-6 

77-2 

87 

85*8 

7*8 

87 

83-3 

25-3 

147 

140*7 

42-7 

207 

198-1 

60*1 

267 

255-5 

77-5 

28 

86-8 

t  8*1 

88 

84-2 

25-5 

148 

141-6 

43  0 

208 

199-0 

60-4 

268 

256-5 

77-8 

29 

87-8 

8*4 

89 

85-2 

25-8 

149 

142-6 

43-3 

209 

200-0 

60-7 

269 

257-4 

78-1 

30 

28-7 

8-7 

90 

86  1 

26-1 

150 

143-5 

43-5 

210 

201  0 

61  0 

270 

258-4 

78-4 

31 

29-7 

9-0 

91 

87-1 

26-4 

151 

144-5 

43-8 

211 

201-9 

61-3 

271 

259-3 

78-7 

32 

30-6 

9-3 

92 

88*0 

26-7 

152 

145-5 

44*1 

212 

202-9 

61-5 

272 

260-3 

79  0 

33 

31-6 

9*6 

93 

89-0 

27-0 

153 

146-4 

44*4 

213 

203-8 

61-8 

273 

261-2 

79-3 

34 

32-5 

9-9 

94 

90-0 

27-3 

154 

147-4 

44-7 

214 

204-8 

62-1 

274 

262-2 

79-5 

35 

33-5 

10*2 

95 

90-9 

27-6 

155 

148-3 

45*0 

215 

205-7 

62-4 

275 

263-2 

79-8 

36 

34-5 

10*5 

96 

91*9 

27-9 

156 

149-3 

45*3 

216 

206-7 

62-7 

276 

264-1 

80-1 

37 

35-4 

10-7 

97 

92-8 

28*2 

157 

150-2 

45-6 

217 

207-7 

63-0 

277 

265-1 

80-4 

38 

36-4 

11-0 

98 

93*8 

28-5 

158 

151-2 

45-9 

218 

208-6 

63-2 

278 

266  0 

80-7 

39    37*3 

11-3 

99 

94-7 

28-7 

159 

152-2 

46*2 

219 

209-6 

63-6 

279 

267-0 

810 

40    38-3 

11*6 

100 

95*7 

29*0 

160 

153  1 

46-4 

220 

210-5 

63-9 

280  267-9 

81-3 
81-6 

41 

39*2 

11*9 

101 

96-7 

29-3 

161 

154  1   46-7] 

221 

211-5 

64-2 

281 

268*9 

42 

40-2 

12-2 

102 

97-6 

29-6 

162 

155-0   47 -0| 

222 

212-4 

64-4 

282 

269*9 

81-9 

43 

41-2 

12*5 

103 

98-6 

29-9 

163 

156  0 

47-3 

223 

213-4 

64-7 

283 

270-8 

82-2 

44 

48  1 

12*8 

104 

99-5 

30*2 

164 

156-9 

47-6 

224 

214-4 

65-0 

284 

271-8 

82-4 

45 

43*1 

13*1 

105 

100-5 

30-5 

165 

157-9 

47-9 

225 

215-3 

65-3 

285 

272-7 

82-7 

46 

44*0 

13*4 

106 

101-4 

30-8 

166 

158-9 

48-2 

226 

216-3 

65-6 

286 

273-7 

83  0 

47 

45  0 

13^6 

107 

102-4 

31*1 

167 

159-8 

48-5 

227 

217-2 

65*9 

287 

274-6 

83-3 

48 

45*9 

13*9 

108 

103*4 

31*4 

168 

160-8 

48-8 

228 

218-2 

66*2 

288 

275-6 

83-6 

49 

46-9 

14*8 

109 

104*3 

31*6. 

169 

161-7 

49-1 

229 

219  1 

66-5 

289 

276-6 

83-9 

50 

47*9 

14  5  [ 

no 

111 

105  -3 
T06  -2  " 

31*9 

:\2  2 

170 
171 

162-7 

49-4 

230 

220-1 

66*8 

290 
291 

277-5 

84-8 

'"ST" 

48-8 

14  H 

163-6 

49-6 

231 

221-1 

67-1 

278-5 

84-5 

58 

49*8 

151 

na 

107*8 

32*5 

172 

164-6 

49-9 

232 

222-0 

67-3 

292 

279-4 

84-8 

63 

50*7 

15*4 

113 

108  1 

32*8. 

173 

165-6 

50-2 

233 

223  0 

67-6 

293 

280-4 

85-0 

54 

51*7 

15*7 

114 

109*1 

33*1 

174 

166-5 

50-5 

234 

223-9 

67*9 

294 

281-3 

85*3 

65 

58 '6 

16*0 

115 

1101 

33*4 

175 

167  -5 

50-8 

235 

224-9 

68-2 

295 

282-3 

85-6 

66 

53*6 

16*3 

116 

111*0  33*7 

176 

168*4 

51-1 

236 

225  -8 

68*5 

296 

283-3 

85*9 

67 

54*6 

16*6 

117 

119  0  34  0 

177 

169-4 

51-4 

237 

226*8 

68*8 

297 

284*2 

86-)} 

68 

K5'5 

16*8 

118 

Ha*9  34*8 

178 

170-3 

51-7 

238 

227-8 

69-1 

298 

285-2 

86*5 

69 

ft6'6 

171 

119 

113*9   34*5 

179 

171*3 

52-0 

239 

228-7 

69*4 

299 

286-1 

86-6 

60    1 

r>f»i». 

i7'4hao 

IM'jJ^J 
l)f|). 

M*8l 

180 

172*3   52 -3 1 

240 

229-7 

69-7 

300 

287*1 

87-1 

Ut.  \] 

[>iRt    0cip.  1  Lat.  iDis^ 

Dep.  1  Lat.  |Diat|  Dep.  | 

hd, 

6i  Pointo  =  73*  7' 


TABLE    I. 
Traverae  Table  to  1}  Points  s  19°  41' 


I>i8t 

Lftt. 

Dq>. 

Dist 

Lat.     Dep. 

DiBt 

Lat. 

Dep.| 

Dist 

Lat.     Dep. 

Dist 

Lot. 

Dep. 

1 

0-9 

0-3 

61 

57-4   20-6 

121 

113-9   40-81 

181 

170*4 

61*0 

241 

226*9 

81-2 

2 

1-9 

0-7 

62 

58-4   20-9 

122 

114-9 

41  1 

182 

171*4 

61*3 

242 

227*9 

81-5 

3 

2-8 

10 

63 

59  -3   21  -2 

123 

115-8 

41*4 

183 

172*3 

61*7 

243 

228*8 

81*9 

4 

3-8 

1-4 

64 

60-3.21-6 

124 

116*8 

41*8 

184 

173*2 

62  0 

244 

229*7 

82-2 

& 

4-7 

1-7 

65 

61  -2   21  -9 

125 

117-7 

42*1 

185 

174*2 

62-3 

245 

230*7 

82*5 

6 

5-7 

2  0 

66 

62-1;  22 -2 

126 

118-6 

42*5 

186 

175*1 

62-7 

246 

231*6 

82*9 

7 

6*6 

2-4 

67 

63-1   22-6 

127 

119-6 

42*8 

187 

176*1 

63  0 

247 

232*6 

83*2 

a 

7-5 

2-7 

68 

64-0   22-9 

128 

120*5 

43-1 

188 

177*0 

63-3 

248 

233*5 

83-6 

9 

8-5 

3  0 

69 

65  -0  i  23  -3 

129 

121-5 

43*5 

189 

177-9 

63-7 

249 

234*4 

83-9 

- 

lO 

9-4 

3-4 

70 

65-9   23-6 

130 

122-4 

43*8 

190 

178-9 

64*0 

250 

235-4 

84-2 

11 

10-4 

3-7 

71 

66-9   23-9 

131 

123-3 

44*1 

191 

179*8 

64*4 

251 

236*3 

84*6 

12 

11-3 

4  0 

72 

67-8   24-3 

132 

124-3 

44*5 

192 

180*8 

64*7 

252 

237*3 

84-9 

13 

12-2 

4-4 

73 

68-7*24-6 

133 

125-2 

44-8 

193 

181-7 

65*0 

253 

238*2 

85-2 

14 

13-2 

4-7 

74 

69-7   24-9 

134 

126-2 

45-1 

194 

182*7 

65*4 

254 

239*1 

85-6 

15 

14  1 

51 

75 

70-6   25-3 

135 

127-1 

45*5 

195 

183*6 

65-7 

255 

240  1 

85-9 

16 

15-1 

5-4 

76 

71-6 

25-6 

136 

128*1 

45*8 

196 

184*5 

66*0 

256 

241*0 

86-2 

17 

16-0 

5-7 

77 

72-5 

25-9 

137 

129-0 

46*2 

197 

185*5 

66*4 

257 

242*0 

86-6 

18 

17-0 

6-1 

78 

73-4 

26-3 

138 

129-9 

46*5 

198 

186^*4 

66*7 

258 

242*9 

86-9 

19 

17-9 

6*4 

79 

74-4 

26-6 

139 

130-9 

46-8 

199 

187-4 

67*0 

259 

243*9 

87*3 

20 

18-8 

6-7 

80 

75-3 

27  0 

140 

131-8 

47-2 

200 

188*3 

67*4 

260 

244*8 

87-6 

21 

19-8 

71 

81 

76-3 

27-3 

141 

132-8 

47*5' 

201 

189*3 

67*7 

261 

245*7 

87*9 

22 

20-7 

7-4 

82 

77-2 

27-6 

142 

133-7 

47  8   202 
48*2   203 

190-2 

68*1 

262 

246*7 

88*3 

23 

21-7 

7-8 

83 

78-2 

28-0 

143 

134-6 

191  1 

68*4 

263 

247*6 

88-6 

24 

22-6 

8-1 

84 

79-1 

28-3 

144 

135-6 

48*5    204 

192*1 

68*7 

264 

248-6 

88-9 

25 

23-5 

8-4 

85 

80  0 

28-6 

145 

136-5 

48*9   205 

193*0 

69*1 

265 

249*5 

89-3 

26 

24-5 

8-8 

86 

81-0 

29-0 

146 

137-5 

49*2    206 

194  0 

69*4 

266 

250*5 

89-6 

27 

25-4 

91 

87 

81-9 

29-3 

147 

138-4 

49*5    207 

194  9 

69-7 

267 

251-4 

90*0 

28 

26-4 

9-4 

88 

82-9 

29-7 

i48 

139-4 

49  -9  i  208 

195*8 

70*1 

268 

252-3 

90*3 

29 

27-3 

9-8 

89 

83-8 

30  0 

149 

140-3 

50  2   209 

196*8 

70*4 

269 

253  -3. 

90*6 

30 

28-3 

10  1 

90 

84-7 

30-3 

150 

141-2 

50*51 

210 
211 

197*7 

70-8 

270 

254-2 

91  0  . 

31 

29-2 

10-4 

91 

85-7 

30-7 

151 

142-2 

50*9 

198*7 

71*1 

271 

255*2 

91*3 

32 

30-1 

10-8 

92 

86-6 

31-0 

152 

143  1 

51*2   212 1 

199*6 

71*4 

272 

256*1 

91*6 

33 

31-1 

111 

93 

87-6 

31-3 

153 

144-1 

51*5 

213 

200*6 

71*8 

273 

257*0 

92-0 

34 

32-0 

11-5 

94 

88-5 

31-7 

154 

145  0 

51-9 

214 

201-5 

72  *t 

274 

258*0 

92*3 

35 

33-0 

11-8 

95 

89-5 

32-0 

155 

145-9 

52-2 

215 

202*4 

72*4 

275 

258*9 

92*6 

36 

33-9 

121 

96 

90-4 

32-3 

156 

146-9 

52-6 

216 

203*4 

72*8 

276 

259*9 

93*0 

37 

34-8 

12-5 

97 

91-3 

32-7 

157 

147*8 

52-9 

217 

204*3 

73  1 

277 

260*8 

93*3 

38 

35*8 

12-8 

98 

92-3 

33-0 

158 

148*8 

53-2 

218 

205*3 

73*4 

278 

261*8 

93-7 

39 

56-7 

131 

99 

93-2 

33-4 

159 

149*7 

53*6 

219 

206*2 

73*8 

279 

262*7 

94*0 

40 

37-7 

13-5 

100 
101 

94-2 

33-7 

160 

150*7 

53-9 

220 

207-1 

74-1 

280 

263*6 

94*3 

41 

38-6 

13-8 

95  1 

34*0 

161 

151-6 

54-2 

221 

208*] 

74*5 

281 

264*6 

94*7 

42 

39-5 

14-2 

102 

96  0 

34-4 

162 

152*5 

54-6 

222 

209*0 

74*8 

282 

265*5 

95*0 

43 

40-5 

14-5 

103 

97  0 

34-7 

163 

153-5 

54-9 

223 

210-0 

75-1 

283 

266*5 

95*3 

44 

41-4 

14-8 

104 

97-9 

35-0 

164 

154*4 

55-3 

224 

210-9 

75*5 

284 

267*4 

95-7 

45 

42-4 

15-2 

105 

98-9 

35*4 

165 

155-4 

55-6 

225 

211*9 

75-7 

285 

268*3 

96  0 

46 

43-3 

15-5 

106 

99-8 

35-7 

166 

156-3 

55*9 

226 

212*8 

76-1 

286 

269-3 

96*4 

47 

44-3 

15-8 

107 

100-7 

36-1 

167 

157*2 

56-3 

227 

213*7 

76-5 

287 

270-2 

96*7 

48 

45-2 

16*2 

108 

101-7 

36-4 

168 

158*2 

56*6 

228 

214-7 

76-8 

288 

271-2 

97-0 

49 

461 

16-5 

109 

102*6 

36-7 

169 

159  1 

56*9 

229 

215*6 

77*2 

289 

272-1 

97-4 

50 

471 

16-8 

110 
111 

103-6 

37  1 

170 

160*1 

67-3 

230 

216*6 

77-5 

290 

273-0 

97-7 

51 

48-0 

17-2 

104-5 

37-4 

171 

161*0 

57-6 

231 

217*5 

77*8 

291 

274*0 

98*0 

52 

49*0 

17-5 

112 

105-5 

37-7 

172 

161*9 

58  0 

232 

218*4 

78-2 

292 

274*9 

98-4 

53 

49-9 

17-9 

113 

106-4 

38  1 

173 

162*9 

58-3 

236 

219-4 

78-5 

293 

275*9 

98-7- 

54 

50-8 

18-2 

114 

107-3 

38-4 

174 

163*8 

58-6 

234 

220*3 

78-8 

294 

276*8 

99-0 

55 

51-8 

18-5 

115 

108-3 

38-7 

175 

164-8 

59  0 

235 

221*3 

79-2 

295 

277-8 

99-4 

56 

52-7 

18-9 

116 

109-2 

39-1 

176 

165*7 

59-3 

236 

222*2 

79.5 

296 

278*7 

99-7 

57 

53-7 

19-2 

117 

110-2 

39-4 

177 

166*7!  59 -6 

237 

223-1 

79*8 

297 

279-6 

100  1 

ja;54*6 

Hj    55-6 

19-5 

118 

1111 

39-8 

178 

167 -6' 60  0 

238 

224*1 

80*2 

298 

280-6 

100-4 

19-9 

119 

112  0 

40-1 

179!  168-5   60-3 

239 

226  0 

80*5 

299 

281-5 

100-7 

60    56-5 

20-2 

120 

113-0 '40 -4 

180 '  169  -5    60  -6 

240   226*0 

80-9 

300 

282*5  101*1 

Dtft^Dep. 

Ut. 

Dist 

» 

Dep.  1  Lat. 

Diit   Dep.     Lat. 

DiBt|  Dep. 

Lat. 

Dial 

t|  Dep.  1  Lat. 

ek  Points  =  70^  19' 

8 

1 

TABLE    L 
Iravene  Table  to  2  Points  -  22''  30' 

IM 

LaL 

Dep. 

Dut 

Lat.     Dep. 

Dist!  Let. 

1 

Dep.|Dist 

LaL 

Dep.lDist,  Lat. 

Dq,.  1 

1 

0-9 

0 

•4 

61 

56-4   23 

3 

121    111-8 

46-3 

181 

167-2 

69*3    241    222-7 

92-2  1 

8 

1-9 

0 

-6 

62 

57-3  23 

7 

122 i 112-7 

46-7 

182 

168-2 

69 '7    242   223*6 

92  6 

8 

2-8 

1 

-2 

63 

58-2   24 

1 

123   113-6 

471 

183 

169-1 

70*0   243   224-5 

95-0 

4 

3-7 

1 

5 

64 

59-1   24 

'5 

124    114-6 

47-5 

184 

170-0 

70*4    244   223-4 

93-4 

S 

4*6 

1 

9 

65 

60-1   24 

'9 

125    115*5 

47*8 

185 

170-9 

70*8    245   226*4 

93-8 

6 

5-5 

2 

3 

66 

61  -0 ,  25 

•3 

126,116-4 

48-2 

186 

171*8 

71*2   246   227  3 

94*1 

7 

6-5 

2- 

•7 

67 

61-9   25 

•6 

127 

117-3 

48-6 

187 

172*8 

71*6:247 

228-2 

94  5 

8 

7-4 

3 

1 

68 

62-8,26 

-0 

128 

118-3 

49-0 

188 

173*7 

71*9]  248 

2291 

94  9 

9 

8-3 

3 

■4 

69 

63-8   26 

•4 

129 

119-2 

49-4 

189 

174*6 

72  3;  249   230  1 

95*3 

10 

9*2 

3 

8 

70 

64-7   26 

-8 

130 

120-1 

49-8 

190 

175*5 

72-7^250  231  0 

9o'6 

11 

10-2 

4 

•2 

71 

65  -6 ,  27 

2 

131 

121  0 

50-1 

191 

176*5 

73  1  .251,231*9 

96  1 

12 

11  1 

4 

6 

72 

66-5:27 

6 

132 

122-0 

50-5 

192 

177-4 

73 -5!  252   232-8 

96*4 

13 

12  0 

5 

0 

73 

67-4   27 

'9 

133 

122-9 

50.9 

193 

178*2 

73  9  1 253 

233  7 

96-8 

14 

12-9 

5 

'4 

74 

68-4   28 

-3 

134 

123-8 

51-3 

194 

179*2 

74*2 

254 

234*7 

97*2 

15 

13-9 

5 

7 

75 

69-3 

28< 

7 

135 

124-7 

517 

195 

180*2 

74-6 

255 

235*6 

97-6 

16 

14-8 

6 

1 

76 

70-2 

29 

•1 

136 

125-7 

52-0 

196 

181*1 

75-0 

256 

236*5 

98-0 

17 

15-7 

6 

5 

77 

71  1 

29 

'5 

137 

126-6 

52-4 

197 

182  0 

75*4 

257 

237*4 

98*4 

18 

16-6 

6' 

9 

78 

72-1 

29 

-9 

138 

127-5 

52-8 

198 

182-9 

75*8 

258 

238*4 

98-7 

19 

17-6 

7 

3 

79 

73-0 

30 

•2 

139 

128-4 

53-2 

199 

183-9 

76*2 

259 

239*3 

991 

20 

18-5 

7' 

7 

80 

73-9 

30 

6 

140 

129*3 

53*6 

200 

184*8 

76*5 

260    240 -2 1 

99-5 

21 

19-4 

8 

0 

81 

74*8 

31 

0 

141 

130*3 

54-0 

201 

185*7 

76*9 

261 12411 

99-9 

22 

20-3 

8< 

4 

82 

75-8 

31 

-4 

142 

131-2 

54-3 

202 

186-6 

77-3 

262 !  242  1 

100*3 

23 

21*3 

8< 

8 

83 

76-7 

31 

8 

143 

132*1 

54-7 

203 

187-6 

77  7 

263 

243*0 

100*6 

24 

22-2 

9 

2 

84 

77-6 

32' 

2 

144 

133-0 

55-1 

204 

188-5 

78*1 

264 

243*9 

101-0 

25 

23-1 

9 

6 

85 

78-5 

32 

5 

145 

134-0 

55-5 

205 

189-4 

78-5 

265 

244*8 

101-4 

26 

24-0 

10 

•0 

86 

79*5 

32 

9 

146 

134-9 

55-9 

206 

190-3 

78*8 

266 

245.8 

101-8 

27 

24-9 

10 

3 

87 

80-4 

33' 

3 

147 

135-8 

56*3 

207 

191*2 

79-2 

267 

246-7 

102-2 

28 

25-9 

10 

•7 

88 

81-3 

33 

7 

148 

136-7 

56*6 

208 

192*2 

79-6 

268 

247*6 

102-6 

29 

26-8 

11 

■1 

89 

82-2 

34' 

1 

149 

137  7 

57-0 

209 

193*1 

80-0 

269 

248*5 

102*9 

30 

27-7 

11 

•5 

90 

83-2 

34' 

4 

150 

138-6 

57-4 

210 

194  0 

80-4 

270 

249-5 

103-3 

31 

28-6 

11 

'9 

91 

84-1 

34' 

8 

151 

139-5 

57*8 

211 

194*9 

80*8 

271 

250*4 

103-7 

32 

29-6 

12 

'3 

92 

85  0 

35 

2 

152 

140-4 

58*2 

212 

195-9 

81-1 

272 

251-3 

104  1 

33 

30-5 

12 

6 

93 

85-9 

35' 

6 

153 

141*4 

58-6 

213 

196-8 

81-5 

273 

252*2 

104-5 

34 

31-4 

13 

0 

94 

86-9 

36 

0 

154 

142-3 

58-9 

214 

197  7 

81*9 

274 

253  1 

104-9 

35 

32-3 

13 

A 

95 

87*8 

36 

4 

155 

143-2 

59-3 

215 

198-6 

82-3 

275 

254  1 

105-2 

36 

33-3 

13 

•s 

96 

88*7 

36' 

7 

156 

144-1 

59-7 

216 

199-6 

82*7 

276 

255-0 

105-6 

37 

34-2 

14 

-2 

97 

89-6 

37 

1 

157 

145-1 

60-1 

217 

200*5 

83-0 

277 

255  -9 

106-0 

38 

35  1 

14 

5 

98 

90*5 

37 

5 

156 

146-0 

60-5 

218 

201-4 

83*4 

278 

256-8 

106-4 

39 

36  0 

14 

9 

99 

91-5 

37 

9 

159 

146*9 

60-9 

219 

202-3 

83*8 

279 

257-8 

106-8 

40 

37-0 

15 

3 

100 

92*4 

38' 

3 

160 

147*8 

61-2 

220 

203*3 

84*2 

280 

258-7 

107-2 

41 

37-9 

15 

•7 

101 

93-3 

38' 

7 

161 

148*7 

61*6 

221 

204-2 

84*6 

281 

259-6 

107*5 

42 

38-8 

16 

1 

102 

94-2 

39' 

0 

162 

149-7 

62-0 

222 

205*1 

85-0 

282 

260*5 

107*9 

43 

39-7 

16' 

5 

103 

95-2 

39 

4 

163 

150*6 

62-4 

223 

206*0 

85-3 

283 

261-5 

108*5 

44 

40-6 

16 

8 

104 

96-1 

39 

8 

164 

151*5 

62*8 

224 

207-0 

85-7 

284 

262-4 

1087 

45 

41*6 

17 

2 

105 

97  0 

40' 

2 

165 

152*4 

63*1 

225 

207-9 

86*1 

285 

263*3 

109*1 

46 

42-5 

17 

6 

106 

97-9 

40 

6 

166 

153-4 

63*5 

226 

208-8 

86*5 

286 

264-2 

109-5 

47 

43-4 

18' 

0 

107 

98-8 

41' 

0 

167 

154-3 

63-9 

227 

209-7 

86*9 

287 

265-2 

109-8 

48 

44*4 

18' 

4 

108 

99-8 

41 

3 

168 

155-2 

64-3 

228 

210*6 

87*3 

288 

266  1 

110-2 

49 

45*3 

18' 

8 

109 

100*7 

41- 

7 

169 

156.1 

64*7 

229 

211*6 

87-6 

289 

267-0 

110-6 

50 

46-2 

19' 

1 

no 

101*6 

42 

1 

170 

157.1 

65-1 

230 

212-5 

88*0 

290 

267  -9 

nro 

61 

47  1 

19 

5 

111 

102-6 

42 

5 

171 

158-0 

65*4 

231 

213*4 

88*4 

291 

268*9 

111*4 

52 

48*0 

19 

9 

112 

103-5 

42 

9 

172 

158-9 

65*8 

232 

214*3 

88*8 

292 

269*8 

1117 

53 

49  0 

20 

3 

113 

104*4 

43 

2 

173 

159-8 

66*2 

233 

215*3 

89*2 

293 

270-7 

112-1 

54 

49-9 

20' 

7 

114 

105*3 

43 

6 

174 

160-8 

66-6 

234 

216*2   89*6 

294 

271-6 

112*5 

55 

50-8 

21 

1 

115 

106*3 

44 

0 

175 

161-7 

67-0 

235 

217*1   89*9 

295 

272*5 

112.9 

56 

51*7 

21 

4 

116 

107*2 

44 

4 

176 

162*6 

67-4 

236 

218  0  90-3 

296 

273*5 

113-3 

57 

52-7 

21 

•8 

117 

108  1 

44' 

8 

177 

163-5 

67  7 

237 

219*0.90*7 

297 

27V4 

113.7 

58 

53*6 

22 

2 

118 

109  0 

45 

2 

178 

164-5 

68  1 

238 

219-9  91*1 

298 

275*3 

114.0 

59 

54*5 

22 

6 

119 

109*9 

45' 

5    179^ 

165-4 

68-5 

239 

220-8  91*5 

299 

276-2 

114.4 

60 

55*4 

23-01 

120 

110*9 

45  -9 1 180    166  3 

68-9 

240 

221*7  91-8 

300 

277-2 

114.8 

Dist  Dep. 

1  Lat.  |DiBt 

Dep. 

Lot.  |Dut   Dep. 

Lat.  iDist;  Dep.     Lat.  iDiatj  Dq>.  |  Lit.  | 

6  Points  =  67°  30'                                               1 

TABLE    L 
Traverse  Table  to  2i  Pomta  =  25^  19' 


9 


t  ut 


Dep. 


Diflt 


Lit. 


Dep.| 


Dist 


UL 


Dep. 


Diitl  Liifc.     Dep. 


Dist 


lirt. 


Dep. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


9 
•8 
■7 
'6 
'5 
•4 
•3 
•2 
•1 
•0 


0 
0 
1 
1 

s 


-8 
•7 


9-j> 
10-8 
U 
12 
13-6 
14-5 
15 
16 
17 
18 


2-6 
S-0 


8 
t 
4 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


4-7 
5-1 
5-6 
6-0 
6-4 
6*8 


\ 


19-0 
19-9 
20-8 


I  ,21-7 


7 

7 
8 
8 


) 
S 
7 
8 
9 
0 


22-6 
123-5 
24-4 
25-3 
26-2 
27  1 


9*0 
9-4 
9-8 
10-3 
10-7 
11-1 
11-5 
12  0 
12-4 
12*8 


71 
72 
73 
74 
75 
76 

77 
78 
79 

80 


55-1 
56*0 
57*0 
57-9 
58*8 
59*7 
60*6 
61*5 
62-4 
63*3 


64 

65 

66 

66*9 

67*8 

68*7 

69*6 


26 
26 
26 
27 
27 
28 
28 
29 
29 
29 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


70 

71 


72-3 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


73 
74 
75 

75*9 
76-8 
77 
78 


•7 
■7 


79*6 


80 
81 


30*4 
30*8 
31*2 
31*6 
32*1 
32*5 
32-9 
33*4 
33*8 
34-2 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


34 
35 
35 


•6 
•1 
•5 


35*9 

36-3 

36-8 

37*2 

37 

38 

38 


141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


109*4 
110-3 
111*2 
112-1 
113*9 
113*9 
114*8 
115*7 
116-6 
117*5 


51*7 
52-2 
52*6 
53  0 
53-5 
53-9 
54*3 
54-7 
55-2 
55-6 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


118*4 
119*3 
120*2 
Wl-1 
122*0 
122-9 
123*8 
124*7 
125-7 
126-6 


56-0 

56-5 

56-9 

57*3 

57 

58 

58 

59 

59 

59 


127*5 
128*4 
129*3 
130-2 
131*1 
132*0 
132*9 
133-8 
134-7 
135-6 


60-3 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


163 
164 
165 
166 
167 
168 
169 
169 
170 
171 


6 
5 
4 

3 
•2 
•1 

'9 
*9 
'9 
*8 


77-4 

77*8 

78*3 

78 

79 

79 

80 

80 

80*8 

81*3 


172*7 

173*6 

174-5 

175*4 

176-3 

177*2 

178 

179 

179 


60 
61 
61 
62 
62 
62 
63 
63 
64 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


180*8 


81*7 
82*1 
82*5 
83*0 
83*4 
83-8 
84*2 
84*7 
85*1 
85-5 


241 

242 

243 

244 

245 

246 

247 

248 

249 

250 


217*9 

218*8 

219 

220 

221 

222 

223 

224 

225 

226 


7 
6 

4 

3 
2 
1 
-0 


251 
252 
253 
254 
255 
256 
257 
258 
259 
260 


226*9 
227*8 
228*7 
229*6 
230*5 
231*4 
232*3 
233*2 
234*1 
235  0 


181*7 

85*9 

261 

182*6 

86-4 

262 

183*5 

86*8 

263 

184*4 

87*2 

264 

185*3 

87-7 

265 

186*2 

88*1 

266 

187*1 

88*5 

267 

188*0 

88*9 

268 

188*9 

89*4 

269, 

189-8 

89*8 

270 

235*9 
236-8 


237 
238 
239 
240 
241 
242 
243 
244 


103*0 
103*5 
103*9 
104*3 
104*8 
105*2 
105*6 
106*1 
106*5 
106*9 


107*3 

107*8 

106*2 

106*6 

109*0 

109*5 

109 

110 

110 

111 


9 
*3 
-8 
•2 


111 
112 
112 
112 
113 
113 
114 
114 
115 
115 


-6 
•0 
-5 
•9 
3 
•7 
*2 
-6 
•0 
•5 


91 
92 
93 
94 
95 
96 
97 
96 
99 
100 


82*3 

83*2 

84 

85 

85 

86 

87 

88*6 

89*5 

90*4 


44-3  21 
46  2 '  21 

<6-l|"2r8 
0122 -2 
9 1 22  -7 


47 

47 

48-8!23*l 
23*5 
23-9 
24*4 
24*8 
^'3  25*2 
W*2  25-7 


49-7 
6 
5 


50 

51 

52-4 
3 
2 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


91-3 
92*2 
93*1 
94  0 
94*9 
95-8 
96-7 
97-6 
98*5 
99-4 


HI 
112 
113; 

114 

115; 

116 : 
117! 
118! 
119  1 
120 


100 
101 
102 
103 
104 
104 
105 
106 
107 
108 


38-9 

39*3 

39*8 

40*2 

40-6 

41 

41 

41 

42 

42 


•1 
•5 
-9 
-3 
-8 


43-2 
43*6 
44*1 
44-5 
44*9 
45*3 
45*8 
46*2 
46-6 
47*0 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


136 

137 

138 

139 

140 

141 

141 

142*8 

143-7 

144*6 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


145 

146 

147 

148 

149 

150 

151 

151.9 

152*8 

153-7 


47*5 

171 

47*9 

172 

48*3 

173 

48*7 

174 

49*2 

175 

49*6 

176 

50*0 

177 

50*5 

178 

5^*9 

179 

51*3 

180 

154 
155 
156 
157 
158 
159 
160 
160 
161 
162 


•6 
•5 
•4 
•3 
•2 
•1 
•0 
-9 
•8 
7 


jKpT'  L«t.  JDift  Dep.  j  L»i.|DMt^  Dep. 


64 

65 

65 

65 

66 

66 

67 

67-6 

68  0 

68-4 


-6 
•0 
•4 
•9 
•3 
•7 
-1 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


190-7 

191-6 

192-6 

193 

194 

195 

196 

197 

198 


198-9 


90*2 
90*7 
91  1 
91*5 
91*9 
92*4 
92*8 
93*2 
93-7 
94*1 


271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


245 
245 
246 
247 
248 
249 
250 
251 
252 
253 


115*9 

116*8 

116*7 

117*2 

117*6 

118 

118 

118 

119 

119 


0 
5 
9 
S 

7 


68 
69 
69 
70 
70 
71 
71 
71 
72 
72 


73*1 
73-6 
74*0 
74*4 
74*8 
75*3 
75*7 
76*1 
76*5 
77*0 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


231 
232 
233 
234 
235 
236 
237 
238 
239 
240 


Let.  IDitt  Dep. 


199*8 

94*5 

200*7 

94*9 

201*6 

95-4 

202*5 

95*8 

203*4 

96*2 

204*3 

96-6 

205*2 

97*1 

206*1 

97*5 

207*0 

97-9 

207*9 

98*4 

281 

282 

283 

284 

285 

286 

287) 

288 

289 

290  i 


254*0 
254-9 
255*8 
256*7 
257*6 
258-5 
259*4 
260-3 
261*3 
262*2 


208*8 

209-7 

210*6 

211*5 

212 

213 

214*2 

215*1 

216*1 

217*0 


-4 
•3 


•1 
'5 


98-8 
99-2 
99*6 
100 
100 
100*9 
101*4 
101*8 
102*2 
102*6 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


263-1 
264-0 
264-9 
265*8 
266*7 
267*6 
268*5 
269*4 
270*3 
271*2 


120-2 
120*6 
121*0 
121*5 
121*9 
122*3 
122*7 
123*2 
123-6 
124-0 


124-4 
124*9 
125 -S 
125*7 
126*2 
126  *6 
127-0 
127*4 
127*9 
128*3 


5} 


=s  64*  41 
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TABLE    I. 


•  t-,' 


Traverse  Table  to  2  J  Points  =  28"  7 


IMit  Lai. 


Dirt 


8-8 


53*8 
54-7 
55-6 
56-4 
57-3 
58*2 
59  1 
60*0 
60-9 
61-7 


Dep.  I  Dirt 


Lat. 


35-6 


Dirt 


115-5 
116-4 
117-3 
118-2 
119-1 
119-9 
120-8 
121-7 
122-6 
123-5 


61-7 
62-2 
62-7 
63-2 
63-6 
64-1 
64-6 
65-0 
65-5 
66-0 


Lat. 


159-6 


165-8 
166-7 
167-6 


71 


14 -i 


124-4 
125.2 

126  1 

127  0 
127-9 
128-8 
129-6 
130-5 
131-4 
132-3 


66-5 
66-9 
67-4 
67-9 
68-3 
68-8 
69-3 
69-8 
70-2 
70-7 


201 

202 

203 

204 

]205 

.206 

207 

208 

;209 

,210 


27-3 


83-8 


133-2 
134-1 
134-9 
135-8 


20-3 


t 


211 
212 


Dep.  IDist 


B5-3 
85-8 


177-3 
178-2 
179-0 
179-9 
180-8 


261 
262 
263 
,264 
,265 
1 266 
1267 
268 


LaL 


212-5 
213-4 
214-3 
215-2 
216-1 
217-0 
217-8 
218-7 
219-6 
220-5 


Dep. 


221-4 
222-2 
223-1 
224-0 
224-9 
225-8 
226-7 
227-5 
228-4 
229-3 


230-2 
231  1 
231-9 
232-8 


I 


269 


;270 


51-8 


142  0 
142-9 
143-8 
144-6 
145-5 
146-4 
147-3 
148-2 
149-0 
149-9 


Dirt  D^. 


97-9 
98-8 


115:101- 
116|102- 
117  .103  • 
118,104- 
119  106- 
120:i05'8 

Dirt!  Del) 


56  1    179 
56-6   180 

Lat.  Diat 


150-8 
151-7 
152-6 
153-5 
154-3 
155-2 
156-1 
157-0 
157-9 
158-8 


75  -9  i  221 

76  -4  1 222 
76  -8   223 

-3 1 224 

'225 

226 

227 

228 

1 229 

1230 


186-1 
187  0 
187-8 
188-7 
189-6 
190-5 
191-4 
192-3 
193-1 
194-0 


99-5 
99-9 
100-4 
100-9 
101-3 
101-8 
102-3 
102-8 
103-2 
103-7 


-6il3r 
-li232 
-5 1 233 
-0   234 


203-7 
204-6 
205-5 
206*4 
207-3 
208-1 
209-0 
209-9 
210-8 
211-7 


239-0 
239-9 
240-8 


Lat !  Dirt  I  Dep. 


108-9 

109-4 

109-8 

110-3 

110-8 

111-2 

111-7 

112-2   — 

112 -7 1 299 

113-1 1 300 


247-8 


255-8 


123-0 
123-5 
124-0 
124-4 
124-9 
125-4 
1-25-9 
126-3 
126-8 
127-3 

127  -7 
128-2 
128-7 
129-2 
129-6 
130-1 
130-6 
131-0 
131-5 
132  0 


Lat  pirt 


256-6 
257*5 
258-4 
259-3 
260-2 
261-1 
261-9 
262-8 
263-7 
264-6 


132-5 
132-9 
133-4 
153-9 
134-3 
134-8 
135-3 
135-8 
136-2 
136j7 

137-2 
137-6 

138  1 
138-6 

139  1 
139-5 
140-0 
140*5 
140-9 
141-4 


Dep.  I   Lat 
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Traverse  Table  to  2i  Points  =  30°  56' 

• 

T>mst 

I^t.  JDep.' 

i   61 

Lat. 

Dep.lDist    Lat. 

Dep.JDist 

Lat. 

Dep. 

Dist 

I-nt. 

Dep. 

X 

0-9.    0-5, 

52-3 

31 -4!  121    103-8 

62*2 

181 

155-3 

93-0 

241 

206*7 

123*9 

2 

1-7 

1-0]   62 

53-2 

31-9 

122   104*6 

62*7 

182 

156*1 

93*6 

242 

207-6 

124*4 

3 

2*6 

1-5 

63 

54-0 

32-4 

123   105*5 

63*2 

183 

157*0 

94*1 

243 

208-4 

124*9 

4 

3-4 

2-1 

64 

54-9 

32-9 

124    106-4 

63*7 

184 

157*8 

94*6 

244 

209*3 

125*4 

1         S 

4-3 

2-6 

65 

55-8 

33-4 

125   107*2 

64*3 

185 

158-7 

95*1 

245 

210*1 

1^5*9 

1         ^ 

5-1 

3-1 

66 

56-6 

33-9 

126   108  1 

64*8 

186 

159-5 

95*6 

246 

211*0 

126*5 

1         7 

6-0 

3-6 

67 

57-5 

34-4 

127   108*9 

65*3 

187 

160*4 

96*1 

247 

211*9 

127*0 

1        ^ 

6-9 

4  1 

68 

58-3 

35  0 

128    109*8 

65*8 

188 

161*2 

96*6 

248 

212-7 

127*5 

1        ^ 

7-7 

4-6 

69 

59-2 

35-5 

129    110*6 

66*3 

189 

162*1 

97-2 

249 

213*6 

128*0 

1     lO 

8-6 

51 

70 
71 

60-0 

36  0 

130   111*5 

66*8 

190 

163*0 

97*7 

250 

214*4 

128-5 

1     ^^ 

9-4 

5-7 

60-9 

36-5 

131 

112*4 

67*3 

191 

163*8 

98*21251 

215*3 

129-0 

1     l^ 

10-3 

6-2 

72 

61-8 

37-0 

132 

113*2 

67*9 

192 

164*7 

98*7 

252 

216-1 

129*5 

1     ^^ 

n-2 

6-7 

73 

62-6 

37-5 

133 

114*1 

68*4 

193 

165*5 

99-2 

253 

217  0 

130  1 

1     ^-^ 

12-0 

7-2 

74 

63-5 

38-0 

134 

114*9 

68*9 

194 

166*4 

99*7 

254 

217*9 

130*6 

1     ^^ 

12-9 

7-7 

75 

64-3 

38-6 

135 

11>8 

69*4 

195 

167*3 

100*2 

255 

218-7 

131  1 

1     ^^ 

13-7 

8-2 

76 

65*2 

39-1 

136 

116-6 

69*9 

196 

168*1 

100*8 

256    al9-6 

131*6 

1     ^7 

U-6 

8-7 

77 

66  0 

39-6 

137 

117*5 

70*4 

197 

169*0 

101*3 

257 

220-4 

132*1 

1    18 

15-4 

9-3 

78 

66-9 

40-1 

138 

118*4 

70*9 

198 

169*8 

101*8 

258 

221-3 

132*6 

1    ^^ 

16-3 

9-8 

79 

67-8 

40-6 

139 

119*2 

71*5 

199 

170*7 

102*3 

259 

222-2 

133*1 

1 

20 

17-2 

10-3 

80 

68-6 

41  1 

140 

120  1 

72*0 

200 

171*5 

102*8 

260 

223  0 

133*7 

21 

18  0 

10-8 

81 

69-5 

41-6 

141 

120*9 

72*5 

201 

172*4 

103*3 

261    223-9 

134-2 

1    22    18-9 

11-3 

82 

70-3 

42  1 

142 

121*8 

73*0 

202 

173*3 

103*8 

262    224-7 

134-7 

1    23    19-7 

11-8 

83 

71-2 

42-7 

143 

122*7 

73*5 

203 

174*1 

104*4 

263   225*6 

135*2 

1    2-* 

20-6 

12-3 

84 

72  0 

43-2 

144 

123*5 

74*0 

204 

175*0 

104*9 

264 

226-4 

135*7 

1    25 

21-4 

12-9 

85 

72-9 

43-7 

145 

124*4 

74*5 

205 

175*8 

105*4 

265 

227-3 

136*2 

1    26 

22  -3 

13-4 

86 

73-8 

44*2 

146    125*2 

75*1 

206 

176*7 

105*9 

266    228  -2 

136*7 

1    27 

23-2 

13-9 

87 

74-6 

44*7 

147 

126*1 

76*6 

207 

177*5 

106*4 

267  i  229  *0 

137*3 

1   'J8 

24  0    14-4 

88 

73-5 

45*2 

148 

126-9 

761 

208 

178*4 

106-9 

263 ;  229  -9 

137*8 

1    20 

24-9    14-9 

89 

76-3 

45*7 

149 

127-8 

76*6 

209 

179*3 

107*4 

2691230*7 

138*3 

1    30 

25-7    15-4 

00 

77-2 

46*3 

150 

128*7 

77*1 

210 

180*1 

108  0 

270 
271 

231-6 

138*8 

1    ^^ 

26-6 

15-9 

91 

78  1 

46*8 

151 1 129  -5 

77*6 

211 

181  0 

108*5 

232*4 

139*3 

1    52 

27-4 

16-5 

92 

78-9 

47-3 

152    130*4 

78*1 

212 

181*8 

109-0 

272  ■  233  *3 

139*8 

1    33 

28-3 

170 

93 

79-8 

47*8 

153 

131*2 

78*7 

213 

182*7 

109*5 

273 ;  234  -2 

140*3 

'     34 

29-2 

17-5 

94 

80-6 

48*3 

154 

132*1 

79*2 

214 

183*5    110  0 

274    235  -0 

140-9 

35 

30  0 

18  0 

95 

81-5 

48*8 

155    132*9 

79*7 

215 

184*4  i  110*5 

275 '  235  -9 

141-4 

36 

30-9 

18-5 

96 

82-3 

49-3 

156 

133*8 

80*2 

216 

185*3 

111*0 

276.236-7 

141-9 

37 

31-7 

19  0 

97 

83.2 

49*9 

157 

134*7 

80*7 

217 

186*1 

111*6 

277 

237*6 

142-4 

38 

32-6 

19-5 

98 

84-1 

50-4 

158 

135*5 

81*2 

218 

187*0 

112-1 

278 

238-4 

142-9 

39 

33-5 

20  1 

99 

84-9 

50*9 

159    136-4 

81*7 

219 

187*8 

112-6 

279 

239-3 

143-4 

40 

34  -3  ;  20  -6 

100 

85-8 

51*4 

160   137*2 

82  3 

220 

188*7 

1131 

280  1  240  -2 

143-9 

1   ^i 

35-2 

21  1 

101 

86-6 

51*9 

161 

138*1 

82*8 

221 

189*6 

113-6 

281    241-0 

144-5 

1   ^2 

36  0 

21-6 

102 

87-5 

52*4 

162 

138*9 

83*3 

222 

190*4 

114-1 

282;  241 -9 

145*0 

43 

36-9 

22  1 

103 

88-3 

52*9 

163 

139*8 

83*8 

223 

191*3 

114*6 

283   242*7 

145*5 

44 

37-7 

22-6 

104 

89-2 

53*5 

164   140-7 

84*3 

224 

192*1 

115*2 

284    243  -6 

146  0 

45 

38-6 

23-1 

105 

90-1 

54  0 

165 

141*5 

84-8 

225 

193  0 

115*7 

285    244*4 

140 -5 

46 

39-5 

23-6 

106 

90-9 

54-5 

166 

142*4 

85-3 

226 

193*8 

116-2 

286    245*3 

147-0 

47 

40-3 

24-2 

107 

91-8 

55  0 

167 

143*2 

85*8 

227 

194*7 

116*7 

287,246-2 

147-5 

48 

41-2 

24-7 

108 

92-6 

55*5 

168 

144*1 

86*4 

228 

195*6;  117*2 

288    247*0 

148  1 

49 

42-0 

25-2 

109 

93-5 

56*0 

169 

145*0 

86*9 

229 

196*4 

117-7 

289   247*9 

148*6 

50 

42-9   25-7 

110 

94-3 

56*5 

170   145-8 

87*4 

230 

197*3 

U8-2 

290 
291 

'248*7 

149*1 

51 

43-7   26-2 

111 

95-2 

57-1 

171,146*7 

87*9 

231 

198*1 

118*8 

249  -6 

149-6 

1  ^^2 

44-6   26-7 

112 

96  1 

57*6 

172,147*5 

88-4 

232 

199-0 

119-3 

292   250*5 

150*1 

1  53 

45*5 

27-2 

113 

96*9 

58*1 

1731148-4 

88*9 

233 

199*8    119  8 

293   251*3 

150*6 

l54 

46-3 

27-8 

114 

97-8 

58-6 

174    149*2 

89-4 

234 

200*7  i  120*3 

294    252*2 

151*1 

55 

47-2 

28-3 

115 

98-6 

59-1 

175   150*1 

90*0 

235 

201*6! 120  8 

295    253*0 

151*7 

56 

48  0 

28-8 

116 

99-5 

59*6 

176 

151*0 

90*5 

236 

202  -4  ;  121  3 

296   253*9 

152*2 

57 

48-9 

29-3 

117 

100-4 

60  1 

177 

151*8 

91*0 

237 

203*3    121*8 

297   254*7 

152*7 

58 

49-7 

29-8 

118 

101-2 

60*7 

178   152*7 

91*5 

238 

204*1    122*4 

298   255*6 

153*2 

59 

50*6 

30-3 

119 

102  1 

61*2 

179   153*5 

92*0 

239 

205  0    122*9 

299   256*5 

153-7 

60 

51-5 

30-8 

120 

102-9 

61-7 

180   154-4 

92*5^240 

205-9    123-4 

300  257*3 

154*2 

Dif 

tDep.l  Lat.  |Dut 

Dep. 

Lat.  |Dist,  Dep.     Lat.  .Dist 

Dep.  1    Lat.  IDist    Dep. 

UL 

5k  Points  =  59''  4'                                             \ 
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Ttamne  TtlbUt  to  S  Point8=S3°  45' 

Diit 

Lat. 

UtSpm 

Diit 

Lat. 

Dep. 

DiBtl   L^ 

Ifcp. 

DSat 

Lat. 

Dep. 

Dtttj   Lat. 

IVp. 

i 

0-8 

0-6 

61 

50-7 

33*9 

121 

100-6 

67-2 

181 

1^-5 

100*6 

241    200-4 

133-9 

2 

1-7 

1-1 

62 

51-5 

34-4 

122 

101*4 

67-8 

182 

151*3 

101  1 

242  201-2 

134-4 

3 

2-5 

1-7 

63 

52-4 

35-0 

123 

102-3 

68-3 

183 

152-2 

101-7 

243  1  202  -0 

1351) 

4 

3-3 

2-2 

64 

53-2 

35 -e^ 

124 

103-1 

68-9 

184 

153-0 

102-2 

244*202-9 

135  •(> 

5 

4*2 

2-8 

65 

54-0 

36-1 

125 

103-9 

69-4 

185 

153-8 

102-8 

245   203-7 

136  1 

6 

5-0 

3-3 

66 

54-9 

3ft-7 

126 

104-8 

70-0 

186 

154-6 

103-3 

246   204-5 

136-7 

7 

5-8 

3-9 

67 

55-7 

37-2 

127 

105-6 

70-6 

187 

155-5 

103-9 

247  1 205  -4 

137-2 

8 

6-7 

4-4 

68 

56-5 

37-8 

128 

106-4 

71-1 

188 

156^-3 

104*4 

248  206-2 

137-8 

9 

7-5 

5  0 

69 

57-4  38-3 

129 

107-3 

71-7 

189 

157-1 

105*0 

249  1 207  *0 

138-3 

10 

8*3 

5-6 

70 

58-2*38-9 

130 

108-1 

72-2 

190 

156-0 

105-6 

250  207-9 

138-9 

11 

9-1 

6-1 

71 

59  0  39-4 

131 

108-9 

72-8 

191 

158-8 

106*1 

251  1  208  -7 

139-4 

12 

10*0 

6-7 

72 

59 -9 '40-0 

132 

109*7 

73-3 

192 

159-6 

106-7 

252 

209-5 

140-0 

13 

10-8 

7-2 

73 

60-7  40-6 

133 

110*6 

73-9 

193 

160-5 

107*2 

253 

210-4 

140-6 

14 

11-6 

7-8 

74 

61-5   41  1 

134 

111*4 

74-4 

194 

161*3 

107*8 

254 

211-2 

141-1 

15 

12-5 

8-3 

75 

68-4 '41*7 

135 

112*2 

75  0 

195 

162*1 

108-3 

255 

212-0 

141-7 

16 

13-3 

8-9 

76 

63*2   42-2 

136 

113*1 

75-6 

196 

163  0 

108-9 

256 

212-9 

142-2 

17 

14-1 

9-4 

77 

64-0 '42 -8 

137 

113-9 

76  1 

197 

163-8 

109-4 

257 

««13-7 

142-8 

18 

15-0 

10*0 

78 

64-8  43*3 

138 

114*7 

76*7 

196 

164-6 

110-0 

258 

214-5 

143-3 

19 

15-8 

10-6 

79 

65-7  43*9 

139 

115*6 

77*2 

199 

165-5 

110-6 

259 

215-3 

143-9 

20 

16-6 

11-1 

80 

66*5  44*4 

140 

116*4 

77*8 

200 

166*3 

lU-l 

260 

216-2 

144-4 

21 

17-5 

11-7 

81 

67*3  45*0 

141 

117*2 

78*3 

201 

167*1 

111*7 

h261 

217-0 

145  0 

22 

18*3 

12-2 

82 

68-2  45*6 

142 

118*1 

78-9 

202 

168  0 

112-2 

262 

217-8 

145-6 

23 

19-1 

12-8 

83 

69-0 '46-1 

143 

118-9 

79*4 

203 

168-8 

112-8: 

263 

218-7 

146  1 

24 

20-0 

13*3 

84 

69  -8  >  46  -7 

144 

119-7 

80*0 

204 

169*6 

113-3 

264 

219-5 

146-7 

25 

20-8 

13-9 

85 

70-7  47-2 

145 

120*6 

80-6 

205 

170-4 

113-9 

265 

220-3 

147-2 

26 

21-6 

14-4 

66 

71-5   47-8 

146 

121*4 

81-1 

206 

171*3 

114-4 

266 

221-2 

147-8 

27 

22*4 

15  0 

87 

72-3  48-3 

147 

122*2 

81-7 

207 

172*1 

115  0 

267 

222  0 

148-3 

28 

23-3 

15-6 

88 

73-2   48-9 

148 

123*1 

82-2 

208 

172-9 

115-6^268 '222-8 

148-9 

29 

24-1 

161 

89 

74-0   49-4 

149 

123-9 

82*8 

209 

173-8 

116-1    269  1 223 -7 

149-4 

30 

24-9 

16-7 

90 

74-8   50  0 

150 

124-7 

83-3 
83-9 

210 

174-6 

116-7   270   224-5 

150  0 

SI 

25-8 

17-2 

91 

75-7   50-6 

151 

125-5 

211 

175*4 

117-2 

271 

225-3 

150-6 

32 

26  € 

17-8 

92 

76-5   51-1 

152 

126-4 

84-4 

212 

176-3 

117-8 

272 

226-2 

151  1 

33 

27-4 

18-3 

93 

77-3  51-7 

153 

127-2 

85*0 

213 

177-1 

118-3 

273 

227-0 

151-7 

34 

28-3 

18-9 

94 

78-2   52-2 

154 

128-0 

85-6 

214 

177*9 

118-9 

274 

227-8 

152-2 

35 

20-1 

19-4 

95 

79-0  52-8 

155 

128-9 

86-1 

215 

178-8 

119-4 

275 

228-6 

152-8 

36 

29-9 

20  0 

96 

79-8   53-3 

156 

129-7 

86-7 

216 

179-6 

120-0 

276 

229-5 

153-3 

37 

30-8 

20-6 

97 

80-6   53-9 

157 

130-5 

87-2 

217 

180-4 

120-6 

277 

230-3 

153-9 

38 

31-6 

21-1 

98 

81-5   54-4 

158 

131-4 

87-8 

218 

181-3 

121-1 

278 

231-1 

154-4 

39 

32-4 

21-7 

99 

82-3   55-0 

159 

132-2 

88*3 

219 

182-1 

121-7 

279   232-0 

155-0 

40 

33-3 

22-2 

100 

83-1   55-6 

160 

133-0 

88*9 

220 

182*9 

122-2 

280  232-8 

155-6 

41 

34  1 

22-8 

101 

84-0   56-1 

161 

133*9 

89*4 

221 

183*7 

122-8 

281 ,  233  6 

156*1 

42 

34-9 

23-3 

102 

84*8   56*7 

162 

134*7 

90-0 

222 

184*6 

123-3 

282  234-5 

156-7 

43 

35*8 

23-9 

103 

85-6   57-2 

163 

135*5 

90-6 

223 

185-4 

123-9 

2831235-3 

157-2 

44 

36-6 

24-4 

104 

86-5   57-8 

164 

136*4 

91-1 

224 

186-2 

124-4 

2841236-1 

157-8 

45 

37-4 

25  0 

105 

87-3   58-3 

165 

137*2 

91-7 

225 

187-1 

125*0 

285 1 237  -0 

158-3 

46 

38-2 

25-6 

106 

88  1   58*9 

166 

138*0 

92*2 

226 

187-9 

125-6 

286  237  -8 

158-9 

47 

39-1 

26-1 

107 

89-0  59*4 

167 

138-9 

92*8 

227 

188-7 

126  1 

287 !  238  -6 

159-4 

48 

39-9 

26-7 

108 

89  -8   60  -0 

168 

139-7 

93-3 

228 

189*6 

126-7 

288   239-5 

160-0 

49 

40-7 

27-2 

109 

90  -6  60  -6 

\n 

140-5 

93-9 

229 

190-4 

127-2 

289   240*3 

160-6 

50 

41-6 

27-8 

110 

91  -5   61  -1 

141*3 

94*4 

230 

191*2 

127*8 

290   241  -1 

1611 

51 

42-4 

28-3 

111   92-3   61*7 

171 

142-2 

95  0. 

231 

192-1 

128-3 

291 

242-0 

161-7 

52 

43-2 

28-9 

112  93*1 

62*2 

172 

143-0 

95-6 

232 

192*9 

128-9 

298 

242-8 

162-2 

53 

44  1 

29-4 

113!  94*0 

62-8 

173 

143  -8 

96-1 

233 

193*7 

129-4 

293 

243-6 

162-8 

54 

44-9 

30-0 

114194-8 

63*3 

174 

144*7 

96-7 

234 

194*6 

130-0 

294 

244-4 

163-3 

55 

45-7 

30-6 

115 

95-6 

63*9 

175 

145*5 

97-2 

235 

195*4 

130-6 

295 

245-3 

163-9 

56 

46-6 

31-1 

116 

96-4 

64*4 

176 

146-3 

97*8 

236 

196-2 

131*1 

296 

246-1 

164-4 

57 

47-4 

31-7 

117 

97-3 

65*0 

177 

147-2 

98-3 

237 

197*1 

131*7 

297 

246-9 

165-0 

58 

48-2 

32-2 

118 

98*1 

65*6 

178 

148*0 

98*9 

238 

197-9 

132*2 

298 

247-8 

165-6 

59 

49-1 

32*8 

119 

98*9 

66*1 

170 

148-8 

99*4 

239 

198-7 

132*8 

299 

24S-6 

166-1 

60 

out 

49-9 

33-3 

*  *  V 

120 

99-8 

66*7   180 

149-7 

100*0 

240 
Diflt 

199-5 

133-3 

300 

249-4 

166-7 

I>ep. 

^S 

iDiatjBep. 

UL   Dkt 

,  Dep. 

Lat. 

Dep. 

Lat. 

Dist 

Dep. 

Lat. 

5  Fc 

lints  = 

r  56" 

15 

1 

TABLE  I. 
Traverse  Table  to  3  J  Points  =  36*  34' 


Diit 


Dep.lDiBt 


15-3 


20*9 


lAt. 


49  0 
49*8 
50-6 
51*4 
52-2 
53-0 
53-8 
54-6 
55-4 
56-2 


Dq>.  iDist 


Lat. 


23-8 


91 

73  1 

92 

73-9 

93 

74-7 

94 

75-5 

95 

76*3 

96 

77  1 

97 

77-9 

98 

78-7 

99 

79-5 

100 

80-3 

36*9 


28 -O 


29-8 


30-4 
31  0 
31-6 
32-2 
32-6 


49 '2 


DtatfDe^.  iTsrFss 


60-2 
60-8 


89-2 
90  0 
90 -8  I- 


97-2 

98-0 

98-8 

99-6 

100-4 

101-2 

102  0 

102-8 

103-6 

104-4 


129-3 
130  1 
130-9 
131-7 
132*5 
133-3 
134-1 
134-9 
135-7 
136-5 


137-3 
138-1 
138-9 
139-8 
140-6 
141-4 
142-2 
143  0 
143-8 
144-6 


Dep.i  Ut.|Diflt| 


Dist 


78  0 
78-6 
79-2 
79-8 


82*8 
83-4 


84-0 
84-6 
85-2 
85-8 


88-8 
89-4 


94  1 


95-9 
96*5 


100  1 
100-7 
101-3 


101*9 
102-5 
103-1 
103-7 
104*2 
104-8 
105-4 
106-0 
106-6 
107*2 


Lat. 


Dirt 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


145*4 
146-2 
147*0 
147*8 
148*6 
149*4 
150*2 
151  0 
151*8 
152-6 


107-8 
108-4 
109  0 
109*6 
110-2 
110-8 
111-4 
112*0 
112-6 
113-2 


113*8 
114*4 
115*0 
115-6 
116*2 
116*8 
117*4 
110*0 
118*5 
119*1 


161*4 
162-2 
163-0 
163-9 
164*7 
165*5 
166-3 
107 -1 
167*9 
168*7 


177*5 
178*3 
179  1 
179-9 
180-7 
181*5 
182-3 
183-1 
183*9 
184-7 


185*5 
186*3 
187-1 
187-9 
188-8 
189-6 
190*4 
191*2 
192-0 
192  8 


Lrt.  I  Dirt,  Dep. 


131*7 
132*2 
132*8 
133*4 
134  0 
134-6 
135-2 
135-8 
136-4 
137-0 


137*6 
138*2 
138-8 
139-4 
140-0 
140*6 
141-2 
141*8 
142-4 
143-0 


Lat. 


Lat 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


2»1 
282 
283 
284 
285 
286 
287 
288 
289 
290 


193-6 
194-4 
195-2 
196-0 
196-8 
197-6 
198-4 
199-2 
200-0 
200-8 


201*6 
202*4 
203*2 
204  0 
204*8 
205*6 
206*4 
207*2 
208*0 
208-8 


209-6 
210-4 
211-2 
212-0 
212*8 
213*6 
214*5 
215*3 
216*1 
216*9 


233*7 
234*5 
235-3 
236-1 
236-9 
237-7 
238-5 
239-4 
240-2 
241-0 


Dirt  Dep. 


4|  Points  s  5F  26' 


13 


Dep. 


L44-8 


160*8 


163-8 


166-8 


169*8 


LaC. 


^gt«*»f»»^» 


14 


TABLE  I. 
Traverse  Table  to  3J  Points  =  39°  22i' 


IJ^p* 


Dist!  Lat 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
23 
2C 
27 
28 
20 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


0 
1 
2 
3 
3 
4 
5 
6 
7 
J_ 

8 
9 

10 
10 
11 
12 
13 
13 
14 
15 

16 
17 
17 
18 
19 
20 
20 
21 
22 
23 

24 
24 
25 
26 
27 
27 
28 
29 
30 
30 

31 
32 
33 
34 
34 
35 
36 
37 
37 
38 


Dep.  I 


Dist  Lat. 


8 
5 
3 
1 
9 
6 
4 
2 
0 
7^ 

5 
3 
0 
8 
6 
4 
1 
9 
7 
5^ 

2 
0 
8 
6 
3 
1 
9 
6 
4 
2_ 

■0 

•7 
5 
•3 
1 
'8 
6 
-4 
1 

7 
5 
2 
0 
8 
6 
3 
1 


0 
1 
1 
2 
3 
3 
4 
5 
5 
J^ 

■  7 

7 
8 
8 
9 

10 
10 
11 
12 
12 

13 
14 
14 
15 
15 
16 
17 
17 
18 
19 

19 
20 
20 
21 
22 
22 
23 
24 
24 
25 

26 
26 
27 
27 
28 
29 
29 
30 
31 
31 


6 
■3 
9 
5 
2 
8 
4 
1 
7 
3^ 

0 
6 
2 
9 
5 
1 
8 
4 
0 
7_ 

3 
0 
6 
2 
9 
5 
1 
8 
4 
£ 

7 
3 
9 
6 
2 
8 
5 
1 
7 
£ 

0 
6 
3 
9 
5 
2 
8 
4 


61 
62 
63 
61 
65 
66 
67 
68 
69 
70 


47 
47 
48 
49 
50 
51 
51 
52 
53 
54 


71154 
72,55 
56 
57 


73 
74 
75 
76 
11 
78 
79 
80 


58 
58 
59 
60 
61 
61 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


62 
63 
64 
64 
65 
66 
67 
68 
68 
69 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


Dist 


70 
71 
71 
72 
73 
74 
75 
75 
76 
77 


78 
78 
79 
80 
81 
81 
82 
83 
84 
85 


Dep. 


38 
39 
40 
40 
41 
41 
42 
43 
43 
44 


45 
45 
46 
46 
47 
48 
48 
49 
50 
50 


51 
52 
52 
53 
53 
54 
55 
55 
56 
57 


57 
58 
59 
59 
60 
60 
61 
62 
62 
63 


64 
64 
65 
66 
66 
67 
67 
68 
69 
69 


DiBt 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


Lat. 


93 
94 
95 
95 
96 
97 
98 
93 
99 
100 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


101 
102 
102 
103 
104 
105 
105 
106 
107 
108 


141 
142 
143 
144 
145 


109 
109 
110 
111 
112 


146  112 


147 
148 
149 


113 
114 
115 


150;  115 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


116 
117 
118 
119 
119 
120 
121 
122 
122 
123 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


124 
125 
126 
126 
127 
128 
129 
129 
130 
131 


Dep.  I 


Dist    Lat. 


76-8 
77-4 
78  0 


78 
79 
79 
80 
81 
81 
82 


•7 
•3 
•9 
■6 
■2 
•8 
•5 


83  1 

83-7 

84-4 

85  0 

85  0 

86 

86 

87 

88 


88-8 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


139 
140 
141 
142 
143 
143 
144 
145 
146 
146 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


147 
148 
149 
150 
150 
151 
152 
153 
153 
154 


89-4 
90-1 
90-7 
91-3 


201 
202 
203 
204 


92  -0 } 205 


92-6 
93-3 
93-9 
94-5 
95-2 


206 
207 
208 
209 
210 


155 
156 
156 
157 
158 
159 
16J 
160 
161 
162 


95 

96 

97 

97 

98 

99 

99 

100 

100 

101 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


102  1 
102-8 
103-4 
104*0 
104-7 
105-3 
105-9 
106-6 
107-2 
107-8 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


163 
163 
164 
165 
166 
167 
167 
168 
169 
170 


170 
171 
172 
173 
173 
174 
175 
176 
177 
177 


Dq). 


114*8 

115-5 

116-1 

116 

117 

118 

118 

119 

119 

120 


•7 
•4 
•0 
•6 
-3 
•9 
•5 


Dist    Lat. 


241 
242 
243 
244 
245 
246 
247 
1248 
;249 
250 


186 
187 
187 
188 
189 
190 
190 
191 
192 
193 


152 
153 
154 
154 
155 
lu6 
156 
157 

l.'rS 

15S 


121-2 
121-8 
122-4 
123  1 
123-7 
124-3 
125  0 
125-6 
126-2 
126-9 


251 
,252 
253 
254 
,255 
256 
257 
258 
259 
260 


'194 
194 
195 
196 
197 
197 
198 
199 
200 
201 


•0>J 
•8    1 


■6 
3 
1 
9 
•7 
4 
2 
0 


127-5 
128-1 
128-8 
129-4 
130-0 
130-7 
131-3 
132-0 
132-6 
133-2 


261 
262 
263 
264 
265 
2G6 
267 
268 
269 
270 


201-8 
202-5 


203 
204 

201 
205 
206 
207 
207 
208 


133-9 

271 

134-5 

272 

135-1 

273 

135-8 

274 

136-4 

275 

137-0 

276 

137-7 

277 

138-3 

278 

138-9 

279 

139-6 

280 

209-5 
210-3 
211-0 
211-8 
212-6 
213-3 
214  1 
214-9 
215-7 
216-4 


140-2 
140-8 
141-5 
142-1 
142-7 
143-4 
144-0 
144-6 
145-3 
145-9 


281  217-2 

282  218-0 

283  :  218  -8 

284  ,  219  -5 

285  j  220  -3 

286  221-1 

287  221 -8 

288  222  -6 

289  j  223  -4 

290  '  224  -2 


J  59 
59 
160 
161 
161 
162 
163 
163 
164 
164 


165 
166 
166 
167 
16S 
16J5 
169 
170 
170 
171 


171 
172 
173 
173 
174 
175 
175 
176 
177 
177 


178 
178 
179 
180 
180 
181 
182 
182 
183 
184 


291 1 224  -9 
292 '  225  -7 

293  226  -5 

294  227-3 

295  228  -0 
296 ,  228  -8 

297  1 229  -6 

298  230-4 

299  231-1 

300  231-9 


184 
185 
185 
186 
187 
187 
188 
189 
189 
190 


9 

5 
2 

8 
4 
1 
i 
5 
(» 

0 


8 


0 


Dist.  Dqi.  I   Lat. 


4*  Points  =  60"  374' 


TABLE  I. 
Ti-averse  Table  to  Sf  Points  =  42**  ll' 


15 


Diit 


Lot. 


Dep. 


Diflt 


Lat.    Dep. 


Dist   Lat. 


Dep. 


Dist 


Lat. 


Dep. 


Dist   Lat. 


Dep. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 


n 

12 

13 
14 
15 
16 
17 
18 
19 
20 


0-7 
1-5 
2-2 
3  0 
3-7 
4*4 
5-2 
5-9 
6-7 
7-4 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


8-2 
8-9 
9-6 
10-4 
11  1 
11-9 
12-6 
13-3 
14  1 


0-7 
1-3 
2  0 
2-7 
3-4 
4.0 
4-7 
5*4 
6  0 
6-7 


61 
62 
63 
64 
65 
66 
67 
68 
69 

ro 


45 
45 
46 
47 
48 
48 
49 
50 
51 
51 


2 
9 
7 
4 
2 
9 
6 
4 
1 
9 


41 
41 
42 
43 
43 
44 
45 
45 
46 
47 


•0 
•6 
•3 
•0 
•6 
•3 
•0 
•7 
'3 
•0 


I 


121 

122 

123 

124 

1251 

126, 

127' 

128  I 

129  I 
130 ! 


89 

90 

91 

91 

92 

93 

94 

94-8 

95-6 

96-3 


■6 
•4 
•1 
•9 
•6 
•4 
•1 


81-3 
81-9 
82-6 


83 
83 
84 
85 
86 
86 
87 


•3 
■9 
•6 
•3 
•0 
•6 
•3 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


134  1 
134-8 
135-6 
136-3 
137*1 
137-8 
138-6 
139*3 
140*0 
140*8 


121 
122 
122 
123 
124 
124 
125 
126 
126 
127 


241  178*6 

242  179-3 

243  I  180  -0 

244  180-8 

245  181-5 

246  182-3 

247  183-0 

248  183-8 
249 '  184  -5 
250    185  -2 


161-8 


•5 
'2 


162 

163 

163*8 

164*5 

165 

165 

166 

167 

167 


2 
9 
5 
2 
9 


7*4 

81 
8*7 
9*4 
10*1 
10*7 
11*4 
12-1 
12-8 


14-8"  13-4 


15-6:14*1 
16-3  14-8 
17  0 115*4 
17*8;i6-l 
18*5!  16-8 
19*3  17-5 
20*0  18-1 
20-7  18-8 
21*5  19-5 
22-2   20-1 


71 
72 
73 
74 
75 
76 
77 
78 
79 


52-6 
53-3 
54-1 
54*8 
55-6 
56-3 
57  0 
57-8 
58-5 


80 , 59  -3 


47-7 
48-3 
49-0 
49-7 
50-4 
51*0 
51.7 
52-4 
53-0 
53-7 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


97-1 

97-8 

98-5 

99*3 

100-0 

100*8 

101*5 

102-2 

103-0 

103-7 


88 
88 
89 
90 
90 
91 
92 
92 
93 
94 


0 
6 
3 
0 
7 
3 
0 
7 
3 
0 


191 
192 
193 
194 
195 
196 
197 
198 
!l99 
."200 


141-5 
142*3 
143*0 
143*7 
144*5 
145*2 
146*0 
146-7 
147*4 
148*2 


128-3 
128-9 
129*6 
130*3 
130*9 
131*6 
132*3 
133*0 
133-6 
134-3 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


23  0  20-8 
23*7 '21 -5 


24-4 
25-2 
25-9 


22-2 
22-8 
23-5 


26-7  24-2 
27-4  24-8 


28*2 
28*9 
29-6 


41  30*4  27-5 

42  31*1  28-2 

43  31.9  28-9 

44  32.6  29-5 

45  33-3  30-2 

46  34*1  30-9 

47  34-8  31-6 

48  35  -6  32  *2 

49  I  36 -3!  32 -9 

50  !  37  0133 -6 


25-5 
26-2 
26*9 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


60-0 
60-8 
61-5 
62-2 
63  0 


63 
64 
65 
65 
66 


•7 
'5 
•2 
•9 
•7 


54 
55 
55 
56 
57 
57 
58 
59 


59-8 
60-4 


141  ,  104  -5 
142 ' 105  -2 

143  106*0 

144  106-7 

145  107-4 

146  108*2 

147  108*9 

148  109*7 

149  110-4 

150  111*1 


94*7  201 

95*4  202 

96*0  203 
96-7,204 

97-4  205 
98-0 
98-7 

99-4  208 

100-1  209 

100-7  210 


148-9 
149-7 
150-4 
151-1 
151-9 
152*6 
153*4 
154*1 
154-9 
155*6 


135-0 
135-6 
136-3 
137  0 
137-7 
138-3 
139  0 
139-7 
140*3 
141  0 


251 , 186 
252  186 
253 • 187 
254  188 


2551188*9 


256  189 

257  190 

258  1 191 
259 ,  191 
260  192 


168*5 

169*2 

169*9 

170-6 

171-2 

171 

172 

173 

173 

174 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


67 
68 
68 


4 

2 
9 


69-6 


70 

71 
71 


4 
1 
9 


72-6 
73-3 
74-1 


61  1 
61-8 
62*4 
631 
63*8 
64*5 
65*1 
65-8 


66 
67 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 


74-8. 
75-6 


76 

77 


3 
1 


77-8 
5 
•3 
•0 


78 

79 

80 

80-8 

81-5 


67-8 

68-5 

69-2 

69-8 

70-5 

71*2 

71*8 

72 

73 

73 


151  111-9 

152  112*6 

153  113*4 

154  114*1 

155  114-8 

156  115-6 

157  116*3 

158  117*1 

159  117*8 

160  118-5 


101-4 
102-1 
102-7 
103*4 
194*1 
104*8 
105*4 
106*1 
106*8 
107*4 


211 

156-3 

.212 

157*1 

i213 

157*8 

;214 

158*6 

215 

159*3 

216 

160*0 

217 

160*8 

218 

161*5 

219 

162*3 

220 

163*0 

141 
142 
143 
143 
144 
145 
145 
146 
147 
147 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


119*3 

120-0 

120*8 

121*5 

122*3 

123*0 

123 

124 

125 

126 


■7 
■5 
■2 
•0 


108*1 
108-8 
109*5 
110*1 
110*8 
111*5 
112*1 
112*8 
113*5 
114*2 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


163 
164 
165 
166 
166 
167 
168 
168 
169 
170 


148-4 
149-1 
149-7 
150*4 
151*1 
151*8 
152-4 
153*1 
153*8 
154-5 


261  193-4 
262,194-1 

263  194-9 

264  195  -6 

265  196  -3 

266  197-1 

267  197 -8 
268 ' 198  -6 
269  1 199 -3 
270 1 200  1 


271 
272 
273 
274 
275 
276 
277 
278 


200-8 


201 

202 

203 

203*8 

204-5 

205 

206 


279 :  206 
280  I  207 


175*3 
175-9 
176*6 
177*3 
178*0 
178*6 
179*3 
180*0 
180*6 
181*3 


182*0 
182*7 
183-3 
184-0 
184-7 
185*3 
186*0 
186*7 
187-4 
188*0 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


208 
208 
209 
210 
211 
211 
212 
213 
214 
214 


188 
189 
190 
190 
191 
192 
192 
193 
194 
194 


■7 
•4 
0 
•7 
•4 
•1 
■7 
•4 
•1 
•7 


111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


82-2 

74-5 

83-0 

75-2 

83-7 

75-9 

84-5 

76-5 

85-2 

77*2 

85-9 

77-9 

86-7 

78-6 

87-4 

79-2 

88*2 

79-9 

'88*9 

80-6 

171  126 

172  127 

173  128 
174' 
175 


176 
177 
178 
179 
180 


128 
129 
130 
131 
131 
132 
133 


•7 
■4 
•2 
•9 
•7 
-4 
•1 
-9 
-6 
4 


114*8 

115*5 

116*2 

116-8 

117-5 

118 

118 

119 

120 

120 


Dist  Dep.j  Lat.  IDist,  Dep.  {  Lat. 


231 
232 
233 
234 
235 
236 
237 
238 
239 
240 


-2 
*9 
•6 
-4 


Dist 


171 

171 

172 

173 

174*1 

174-9 

175*6' 

176 -31 

177*11 

177*81 


155-1 
155*8 
156*5 
157*1 
157-8 
158-5 
159-1 
159*8 
160-5 
161*2 


291 

215-6 

292 

216-4 

293 

217-1 

294 

217-8 

295 

218*6 

296 

219-3 

297 

220-1 

298 

220-8 

299 

221-5 

300 

222-3 

195 
196 
196 
197 
198 
198 
199 
200 
200 
201 


4 

1 
8 
4 
1 
8 
4 
1 
-8 
•5 


Dep.  I  Lat.  |Dist| 


4i  Points  =  47''  49' 


% 


I 


16 


TABLE  I. 
Traverse  Table  to  4  Points  =  45''  0' 


Diit    Lat.  IDep.    Diit  Lat. 


1!14 


'6 


\1 


65-8 


Di8t 


91*9 


92-6 
93*3 
94*0 
94-8 
95*5 
96*2 
96*9 
97-6 
98-3 
99-0 


101*8 


Dep. 


•8 


r 


IM. 


128-0 
128-7 
129-4 
130-1 
130-8 
131-5 
132-2 
132-9 
133*6 
134-3 


135-1 
135-8 


128*0 
128-7 
129-4 
130-1 
130-8 
131*5 
132-2 
132*9 
133-6 
134-3 


UL  Dep. 


176*8 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


211 

149-2 

212 

149-9 

213 

150*6 

214 

151*3 

215 

152*0 

216 

152*7 

217 

153-4 

218 

154*1 

219 

154*9 

220 

155-6 

•9 
-6 


183*8 


177-5 
178*2 
178-9 
179-6 
180*3 
181-0 
181*7 
182-4 
183-1 
183-8 


184-6 
185-3 
186  0 
186-7 
187-4 
188*1 
188*8 
189*5 
190*2 
190*9 


184*6 
185-3 
186*0 
186*7 
187*4 
188*1 
188*8 
189*5 
190*2 
190-9 


191-6 
192*3 
193  0 
193*7 
194-5 
195-2 
195*9 
196-6 
197*3 
198*0 


200*8 
201*5 
202*2 
202*9 
203*6 
204-3 
205-1 


198-7 
199-4 
200*1 
200*8 
201*5 
202-2 
202*9 
203*6 
204*3 
205*1 


291 

205*8 

292 

206*5 

293 

207*2 

294 

207*9 

295 

208*6 

296 

209*3 

297 

210.0 

298 

210*7 

299 

211-4 

300 

212*1 

205-8 

206*5 

207* 

207* 

208- 

209* 

210- 

210*7 

211*4 

212*1 


Uirjlitui  iVjp.' 


Lrt.  I  Dirt  Dep.  |  Ut 


A  Poiola  «  4A^  0' 


TABLK    2. 

■1 

17 

Tturam  Table  to  1  DegnesOh.  4id. 

^f%^*     ^          ^P         ■* 

Dep.tDift. 

Lai. 

Ik^ 

Dirt.  Lot. 

DepAUvA 

Lat 

• 

I>q>. 

Dirt|  Lai. 

Dep. 

1 

l-O 

0  0 

61 

61-0 

1-1 

121 

121  0 

2-1 

181 

181 

¥ 

3.2 

2411241* 

6 

4-2 

a 

8-« 

0*0 

62 

62-9 

1.1 

122 

122  0 

2-1 

182 

182 

•0 

3 

•2 

242   242- 

0 

4-2 

3 

9-0 

0-1 

93 

63^ 

1*1 

123 

123-0 

21 

183 

183 

•0 

3 

•2 

243 

243- 

0 

4-2 

4 

4-9 

0-i 

94 

64-0 

1-1 

124 

124  0 

2-2 

184 

184 

•0 

3 

2 

244 

244- 

0 

4-3 

5 

9-9 

0-1 

99 

65-9 

1-1 

125 

125*0 

2-2 

185 

185 

0 

3 

•2 

245 

245- 

0 

4*3 

e 

9-9 

0-1 

96 

66  0 

1-2 

126 

126-0 

2-2 

186 

186 

-0 

3 

2 

246   246- 

0 

4-3 

7 

f-9 

0  1 

97 

67-0 

1-2 

127 

127  0 

2-2 

187 

187 

0 

3 

3 

247   247- 

0 

4-3 

8 

8-9 

0*1 

68 

66-0 

1-2 

128 

128-0 

2-2 

188 

168 

0 

3 

3 

248 ,  248  • 

0 

4*3 

9 

0-0 

0-2 

69 

69  0 

1-2 

129 

129-0 

2-3 

189 

189 

0 

3 

3 

249 ;  249  - 

0 

4-3 

10 

10-0 

0-2 

70 

70-0 

1-2 

130 

130  0 

2-3 

190 

190' 

0 

3 

3 

250   250- 

0 

4-4 

11 

11 -0 

0-2 

71 

71  0 

1-2 

131 

131-0 

2-3 

191 

191' 

0    3 

3 

251   251- 

6 

4-4 

12 

12-9 

0-2 

72 

72  0 

1-3 

132 

132  0 

2-3 

192 

192- 

0 

3 

4 

252 '  252  • 

0 

4-4 

U 

13-9 

0'2 

73 

78-0 

1*3 

133 

133  0 

2-3 

193 

193' 

0 

3 

4 

253  ,  253  ■ 

0 

4*4 

14 

14-9 

0-2 

74 

74-0 

1-3 

134 

134  0 

2-3 

194 

194 

0 

3 

'4 

254  '  254 ' 

0 

4*4 

15 

19-9 

0-8 

75 

75*0 

1-2 

135 

135  0 

2-4 

195 

195 

0 

3 

4 

255   255- 

0 

4-5 

16 

19^ 

0-8 

76 

76-0 

1-3 

136 

136-0 

2-4 

198 

196- 

0 

3 

4 

256   256' 

0 

4-5 

17 

11-9 

0-3 

77 

77  0 

1-3 

137 

137  0 

2*4 

197 

197 

0 

3 

4 

257  257  • 

0 

4-5 

18 

18-9 

0-3 

78 

78-0 

1-4 

138 

138  0 

2-4 

198 

196' 

0 

3- 

5 

258   258- 

0 

4-5 

19 

19^ 

0*3 

79 

79  0 

1-4 

139 

130  0 

2-4 

199 

199 

0 

3 

5 

259   259- 

0 

4-5 

20 

too 

0-8 

60 

80-0 

1-4 

140 

140-0 

2-4 

200 

200 

0 

3 

5 

260   260- 

0 

4-5 

21 

€1-9 

0-4 

61 

81-0 

1*4 

141 

141-0 

2-5 

201 

201 

0 

3 

& 

261 ,  261  - 

0 

4-6 

22 

22^ 

0-4 

82 

82-0 

1-4 

142 

142  0 

2-5 

202 

202 

0 

3 

5 

262   262- 

0 

4-6 

23 

23-9 

0-4 

03 

83-0 

1-4 

143 

143  0 

2-5 

263 

^ 

0 

3 

•5 

263 

263. 

0 

4-6 

24 

24*6 

0*4 

94 

84-0 

1-6 

144 

144  0 

2-5 

204 

0 

3 

•6 

264   264' 

0 

4-6 

25 

25-9 

0-4 

85 

85-0 

1-6 

143 

146  0 

2-5 

265 

205 

0 

3 

6 

265 

265 

0 

4-6 

26 

26-9 

0*9 

86 

86  0 

1-5 

146 

146  0 

2-6 

266 

206 

•0 

3 

•6 

266 

266* 

0 

4-6 

27 

27-9 

0-5 

97 

87-0 

1-5 

147 

147  0 

2-6 

207 

207 

•0 

3 

6 

267 

267' 

0 

4-7 

28 

28-9 

O'S 

88 

880 

1-5 

148 

148  0 

2-6 

208 

206 

■0 

3 

6 

268 

268- 

0 

4-7 

29 

29-9 

0*9 

89 

89  0 

1*6 

149 

149  0 

2-6 

209 

209*0 

3 

•6 

269 

269' 

0 

4-7 

30 

30  0 

0-5 

90 

90  0 

1-6 

160 

150  0 

2-6 

210 

210-0 

3 

•7 

270 

276- 

0 

4-7 

31 

31  0 

0-5 

*1 

91-0 

1-6 

151 

151  0 

2-6 

211 

211-0 

3 

■7 

271 

271' 

0 

4-7 

32 

32-9 

0-6 

92 

92-0 

1< 

1S8 

159  0 

2-7 

212 

212  0 

3 

•7 

272 

272' 

0 

4-7 

33 

33-0 

0-6 

OS 

93-9 

1-6 

153 

159-0 

2-7 

213 

213-0 

'7 

273 

273- 

0 

4-8 

34 

94-0 

0-9 

94 

94-0 

1-6 

154 

154-0 

2-7 

214 

214  0 

•7 

274 

274' 

0 

4-8 

35 

39-9 

0*6 

96 

99-0 

1-7 

155 

155  0 

2-7 

215 

215-0 

•8 

275 

275 

-0 

4-8 

36 

39-9 

0-6 

f6 

99-0 

1-7 

1S6 

156  0 

2-7 

216 

216-0 

•8 

276 

276 

0 

4*8 

37 

37-0 

0*9 

f7 

97-0 

1-7 

157 

157-0 

2-7 

217 

217*0 

•8 

277 

277 

0 

4*8 

38 

38-9 

07 

fB 

99-0 

1-7 

158 

156  0 

2-8 

218 

218-0 

•8 

278 

278 

0 

4*9 

39 

39-9 

0-7 

99 

99-0 

1-t 

169 

150-0 

2*6 

219 

219-0 

S-8 

279 

279 

0 

4-9 

40 

49-0 

0-7 

100 

100-0 

1-7 

160 

160-0 

2^ 

220 

220-0 

3-8 

280   280 

0 

4-9 

41 

41-0 

O'i 

ibi 

101  0 

l-O 

161 

161  0 

2-8 

221 

221  0 

■9 

281    281 

-0 

4*9 

42 

42  0 

9-7 

102 

102-0 

1*8 

162 

162  0 

2-8 

222 

222-0 

■  # 

•9 

282 

282 

•0 

4-9 

43 

43-0 

9-9 

169 

108-0 

1-8 

163 

163  0 

2  8 

223 

223  « 

•9 

283 

283 

0 

4-9 

44 

44-0 

9«§ 

104 

101 -0 

1-8 

164 

164  0 

2-9 

294 

224*0 

•9 

284 

284 

0 

5-0 

45 

4S-0 

9-8 

195 

106 1> 

1-8 

165 

165  0 

2-9 

225 

225-0 

•9 

285 

285 

0 

5*0 

46 

49-0 

9-« 

196 

106-0 

1-8 

166 

166-0 

2-9 

226 

226-0 

'9 

286 

286 

■0 

5*0 

47 

47-0 

9-8 

107 

107 -0 

1-9 

167 

167-0 

2-9 

227 

227-0 

0 

287 

287 

0 

5  0 

48 

48-0 

0*8 

108 

108-0 

1-9 

168 

168-0 

2-9 

238 

228-0 

0 

288 

288 

-0 

5  0 

49 

49-0 

0-9 

109 

109-0 

1-9 

169 

160-0 

2-9 

229 

229-0 

•0 

289 

289 

•0 

5  0 

50 

50-0 

0-9 

110 

110  0 

1*9 

170 

170  0 

3  0 

230 

230-0 

•0 

290 

290 

0 

5-1 

51 

51-0 

"oT 

111 

IIl-O 

1-9 

171 

171.0 

3  0 

231 

231-0 

•0 

291 

291 

•0 

5-1 

52 

52-0 

0-9 

112 

112-0 

2-6 

172 

172-0 

3-0 

232 

232*0 

•0 

292 

292 

•0 

5*1 

53 

53-0 

0-9 

113 

113-9 

2-0 

173 

173-0 

30 

233 

233-0 

293 

293 

-0 

5-1 

54 

54.0 

0-9 

114 

114-0 

2-0 

174 

174-0 

3  0 

234 

234*0 

294 

294 

•0 

51 

55 

55*0 

10 

115 

116-0 

2-0 

175 

175-6 

3-1 

235 

235-0 

295 

295 

•0 

5*1 

56 

56 '0 

10    116 

116  0 

2-0 

176 

176-0 

31 

236 

236-6 

296 

296 

-0 

5*2 

57 

57  0 

10    117^ 

117-9 

2-0 

177 

177-0 

31 

^1 

237-6 

297 

297 

:0 

5*2 

58 

58-0 

1-0    119 

118-6 

5*1 

17B 

178-6 

31 

^8 

238-0 

•9 

298 

298 

-0 

5*2 

59 

59-0 

10    119 

119-9 

2  1 

^79 

179-6 

3-1 

239 

239*0  1  4 

•2 

299 

299 

•0 

5*2 

60 

60  0 

1-0    WO 

120-0 

2  1 

180 

180-6 

3-1  1246 

240*0'  4-2 

300 

300-0 

5*2 

Dial 

I>Bp. 

U(.p>iil. 

Dep. 

litt. 

Dtat. 

Dtop* 

Lcit.|DM 

Dtp.     Ut.  IDist 

Dep.  1  Lai. 

^ 


88" 3^5  b.  5dfll. 
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TABLE    2. 

TVayferae  Table  to  2  Degrees  =  Oh.  8m. 

1 

Lafew 

I>ep. 

Dist 

UL 

Dep. 

Dirt 

Lat. 

Dep. 

Diat 

Lrt. 

Dep. 

Dirtj    Li±. 

Dep. 

10 

0  0 

61 

61-0 

2-1 

121 

120-9 

4-2 

181 

180-9 

6-3 

241 

240-9 

8-4 

2 

2-0 

0  1 

62 

62*0 

2*2 

122 

121*9 

4-3 

182 

181-9 

6-4 

242 

241-9 

8-4 

3 

3  0 

0  1 

63 

63  0 

2-2 

123 

122-9 

4-3 

183 

182-9 

6-4 

243 

242-9 

8-5 

4 

4  0 

01 

64 

64-0 

2*2 

124 

123*9 

4-3 

184 

183-9 

6-4 

244 

243-9 

8-5 

5 

5  0 

0-2 

65 

65-0 

2'3 

125 

124*9 

4*4 

185 

184*9 

6-5 

245 

244-9 

8-6 

6 

6  0 

0-2 

66 

66*0 

2*3 

126 

125-9 

4*4 

186 

185-9 

6-5 

246 

246-8 

8-6 

7 

7-0 

0*2 

67 

67.0 

2-3 

127 

126-9 

4*4 

187 

186*9 

6-5 

247 

246-8 

8-6 

8 

8-0 

0*3 

68 

68*0 

2-4 

128 

127-9 

4*5 

188 

187-9 

6-6 

248 

247-8 

8-7 

9 

9-0 

0-3 

69 

69-0 

2*4 

129 

128-9 

4*5 

189 

188*9 

6-6 

249 

248-8 

8-7 

10 

10  0 

0*3 

70 

70-0 

2*4 

130 

129-9 

4-5 

190 

189-9 

6-6 

250 

249-8 

8-7 

11 

11-0 

1    0-4 

71 

71  0 

2*5 

131 

130-9 

4*6 

191 

190-9 

6-7 

251 

250-8 

8-8 

12 

12-0 

1    0-4 

72 

72  0 

2*5 

132 

131-9 

4-6 

192 

191-9 

6*7 

252 

251-8 

8*8 

13 

13*0 

1    0*5 

73 

73  0 

2-5 

133 

132-9 

4*6 

193 

192-9 

6-7 

253 

252-8 

8-8 

14 

14  0 

1    0*5 

74 

74*0 

2*6 

134 

133-9 

4-7 

194 

193*9 

6-8 

254 

253-8 

8-9 

15 

15*0 

1    0*5 

75 

75-0 

2*6 

135 

134-9 

4*7 

195 

194-9 

6-8 

255 

254-8 

8-9 

16 

16  0 

1    0*6 

76 

76*0 

2*7 

136 

135-9 

4*7 

196 

195-9 

6-8 

256 

255-8 

8-9 

17 

170 

1    0-6 

77 

77*0 

2-7 

137 

136-9 

4*8 

197 

196*9 

6-9 

257 

256-8 

9  0 

18 

18  0 

1    0*6 

78 

78*0 

2-7 

138 

137-9 

4*8 

198 

197*9 

6-9 

258 

257-8 

9-0 

19 

19  0 

0*7 

79 

79*0 

2-8 

139 

138-9 

4*9 

199 

198-5 

6*9 

259 

258-8 

9-0 

20 

20-0 

0*7 

80 

80  0 

2-8 

140 

139-9 

4-9 

200 

199-9 

7*0 

260 

259-8 

9-1 

21 

21-0 

0-7 

81 

81-0 

2-8 

141 

140-9 

4-9 

201 

200-9 

7*0 

261 

260-8 

91 

22 

22-0 

0*8 

82 

81-9 

2*9 

142 

141*9 

5-0 

202 

201*9 

7*0 

262 

261-8 

9  1 

23 

23*0 

0*8 

83 

82*9 

2-9 

143 

142*9 

5-0 

203 

202-9 

7  1 

263 

262-8 

9-2 

24 

24-0 

0*8 

84 

83-9 

2-9 

144 

143*9 

5*0 

204 

203-9 

7*1 

264 

263-8 

92 

25 

25*0 

1    0-9 

85 

84-9 

3-0 

145 

144-9 

5*1 

205 

204-9 

7*2 

265 

264-8 

9-2 

26 

26-0 

1    0-9 

86 

85-9 

3  0 

146 

145-9 

5*1 

206 

205-9 

7-2 

266 

265-8 

9-3 

27 

27  0 

►    0*9 

87 

86-9 
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284  283-3 

14-2 

284 

263-4 

18-4 

23  124-9 

1-7 

85 

84-8 

'  5-9 

145*144-6 

18-1 

283  294*3 

14-3 

283 

264-4 

18-3 

2C  J23-9 

1-8 

86 

85-8 

6-0 

146 '  145  -6 

18-2 

286  28ft-S 

14-4 

286 

263-4 

18-6 

27  128-9 

1-9 

87 

86-8 

6-1 

147    146-6 

19-3 

287 '288-3 

M-6 

267 

266*3 

18-6 

28  127-9 

2-9 

8« 

87-8 

6-1 

148    147-6 

10-3 

2881207 -3 

14-3 

269 

267-3 

18-7 

29 

29  <9 

2-0 

89 

88-8 

6-2 

149: 148-6  119-41 

209,298-3 

M-6 

289 

268-3 

18-8 

39 

29-9 

2  1 

90 

89-8 

6-3 

150 '149 -6 i 

>             1 

18-3 

2101 209 -> 

14-6 

270 

269-3 

18-8 

31 

30-9 

2-2 

91 

90-8 

^6^ 

151  *  150-6  • 

18-5 

211*219-3 

14-7 

271 

270-3 

18-9 

32 

31-9 

2-2 

92 

91-8 

6-4 

152    151 -6 

18-8 

212 

211-3 

14-8 

272 

271-3 

19-9 

33 

32-9 

2-3 

93 

92-8 

6-5 

153 1 152 -6 

18-7 

213 

212*3 

14-9 

273 

272-3 

19-^ 

34 

33-9 

2-4 

94 

93-8 

6-6 

134!lS3-6 

18-7 

214   213-3 

14-9 

274 

273-3 

19*1 

3ft 

34-9 

2-4 

95 

94-8 

6-6 

155    154-6 

18-8 

215,214-3 

15-8 

275 

274-3 

19*2 

38 

35-9 

2-3 

98 

95-8 

6-7 

156    155-6 

18-9 

218  213-5 

15-1 

276 

275-3 

19*3 

37 

38-9 

2*6 

97 

96-8 

6-8 

157    156-6 

11-0 

217   216-3 

15  1 

277 

276*3 

19-3 

38 

37-9 

2-7 

98 

97-8 

6-8 

158    157-6 

11-8 

218 

217-3 

15-2 

278  277-3 

19-4 

39 

38-9 

2-7 

99 

98-8 

6-9 

159    158-6' 

11-1 

219 

218-3 

15*3 

279  278-3 

19*3 

49 

39-9 

2-8 

100 

99-8 

7  0 

160 

159 -6 • 

11-2 

220   219-3 

13*3 

280  279-3 

19-5 

41 

40-9 

2-9 

101 

100-8 

7  0 

161 

160-6 

11-2 

221    '220-3 

15-4 

281 1 280-3 

19*6 

42 

41-9 

2-9 

102 

101-8 

71 

162 1 

161-6; 

11-3 

222 

221-3 

13-3 

282' 281 -3 

19-7 

43 

42-9 

3-0 

103 

192-7 

7-2 

163 

162  -6 ! 

11-4 

223 

222-5 

13-6 

283  282-3 

19*7 

44 

43-9 

3-1 

104 

103-7 

7-3 

164 

163-61 

11-4 

224 

223-5 

13-6 

284!  283 '3 

19-8 

43 

44-9 

3-1 

105 

104-7 

7-3 

165 

164-6 

11-5 

225 

224-3 

13*7 

285J284-3 

19*9 

48 

45-9 

3-2 

108 

103-7 

7-4 

166 

165-6 

11-6 

226 

225*4 

13-8 

286!  285 -3 

20-0 

47 

48-9 

8-3 

107 

166-7 

7-5 

167 

166-6; 

11-6 

227 

226-4 

15-8 

287 

286-3 

20  0 

48 

47-9 

3-3 

108 

107-7 

7-5 

168 

167  -6 ' 

11-7 

228   227-4 

15*9 

288 

287-3 

20-1 

49 

48-9 

3-4 

109 

108-7 

7-6 

169 

168-6 

11-8 

229   228-4 

16-0 

289 

288-3 

20-2 

50 
51 

49-9 

3-5 

110 

109-7 

7-7 

170 

169-6 

11-9 

230   229  -4 

16  0 

290  289*3 

20-2 

50-9 

3*6 

111 

110-7 

7-7 

171 

170-6 

11-9 

231    230  -4 

16-1 

291 1290-3 

20-3 

52 

51*9 

3*6 

112 

111-7 

7-8 

172 

171-6 

12-0 

232   231  -4 

16-2 

292  291-3 

20-4 

53 

52-9 

3-7 

113 

112-7 

7-9 

173 

172-6 

12-1 

233  232-4 

16-3 

293 '  292  3 

20-4 

54 

53-9 

3*8 

114 

113*7 

8-0 

174 

173-6 

12-1 

234   233-4 

16*3 

294 

293-3 

20-5 

55 

54-9 

3-8 

115 

114*7 

8-0 

175 

174-6 

12-2 

235   234-4 

16-4 

295 

294*3 

20-6 

58 

55-9 

3-9 

118 

115-7 

8-1 

176 

175-6 

12-3 

236  235-4 

16*5 

296  295  -3 

20*6 

57 

56*9 

4-0 

117 

116-7 

8-2    177 

176-6 

12-3 

237  236-4 

16-5 

297^296-3 

20-7 

58 

57-9 

4-0 

118 

117-7 

8-2     178 

177-6 

12-4 

238  237*4 

16-6 

298  297*3 

20*8 

59 

58-9 

4-1 

119 

118-7 

8-3     179 

178-6 

12-5 

239  238-4 

16-7 

299  298*3 

20*9 

80 

59-9 

4-2 

120 

119-7 

8  -4     180 

179-6 

12-8   240  239-4 

16-7 

300  299-3 

20*9 

Diflt 

Dep. 

Ut. 

;  Dep. 

iLitt.    Dkt 

Dep. 

1  Ut    Dlit  Dep. 

iM. 

Diet 

k)ep.l 

Ut 

86*>rSh.  44n. 


TABLES.                                         31    1 

Ibveno  Table  to  5  DegieessOlL  SOitt.                          1 

Diit 

Lat* 

I>V. 

Dift 

UH. 

Dqi. 

Dwt 

Ut. 

D«p. 

Diit 

UX. 

Dep. 

Diit 

Let. 

Dep. 

i 

1-6 

0  1 

61 

60-8 

5*3 

121 

120*5 

10*5 

181 

180*3 

15*8 

24r 

240- 

21-0 

2 

2*0 

0-2 

62 

61-8 

5-4 

122 

121*5 

10*6 

182 

181-3 

15*9 

242 

241- 

21*1 

3 

3  0 

0-3 

63 

62-8 

5 '5 

123 

122-5 

10-7 

183 

182-3 

15*9 

243 

242- 

21-2 

4 

4-0 

0-3 

64 

63*8 

5*6 

124 

123*5 

10-8 

184 

183-3 

16*0 

244 

243- 

21-3 

ft 

5-0 

0-4 

65 

64-8 

5*7 

125 

124*5 

10*9 

185 

184*3 

16*1 

245 

244- 

21*4 

6 

6-0 

0-5 

66 

65-7 

5*6 

126 

125-5 

11 -0 

186 

185*3 

16*2 

246 

245* 

21*4 

7 

7  0 

0-6 

67 

66*7 

5*8 

127 

126-5 

11-1 

187 

186-3 

16*3 

247 

246- 

21-5 

8 

8-0 

0-7 

68 

67-7 

5-9 

128 

127*5 

11*2 

188 

187-3 

16-4 

248 

247- 

21*6 

9 

9-0 

0-8 

69 

68-7 

6  0 

129 

128-5 

11-2 

189 

188-8 

16*5 

249 

248- 

21*7 

w| 

10*0 

0-9 

70 

69-7 

61 

130 

129*5 

11-3 

190 

189-3 

16*6 

250 

249' 

0 

21-8 

11  (11-0 

1-0 

71 

70  7 

6  2 

131 

130*5 

11*4 

191 

190*3 

16-6 

251 

250- 

0 

21*9 

12     12  *0 

1-0 

72 

71-7 

6*3 

132 

131-5 

11*5 

192 

191*3 

16-7 

252 

251' 

0 

22  0 

13 

13-0 

1-1 

73 

72-7 

6-4 

133 

132-5 

11*6 

193 

192*3 

16*8 

253 

252' 

0 

22*1 

14 

13-9 

1-2 

74 

73-7 

6*4 

134 

133*5 

11-7 

194 

193*3 

16*9 

254 

253' 

0 

22  1 

13 

14-9 

1-3 

75 

74-7 

6*5 

135 

134-5 

11-8 

195 

194*3 

17  0 

255 

254' 

0 

22*2 

16 

15-9 

1-4 

76 

75-7 

6*6 

136 

135-5 

11-9 

196 

195*3 

17-1 

256 

255' 

0 

22-3 

17 

16-9 

1-5 

77 

76 '7 

6*7 

137 

136-5 

11-9 

197 

196*3 

17-8 

257 

256' 

0 

22-4 

18 

17-9 

1-6 

78 

77-7 

6*8 

138 

137-5 

12-0 

198 

197-2 

17-3 

258 

257- 

0 

22-5 

19 

18-9 

1-7 

79 

78-7 

6*9 

139 

138-5 

12*1 

199 

198-2 

17-3 

259 

258- 

0 

22*6 

20  1 

19-9 

1-7 

80 

79-7 

7  0 

140 

139*5 

12*2 

200 

199*2 

17*4 

260 

259- 

0 

22*7 

Wl 

20-9 

1.8 

81 

80*7 

7  1 

141 

140*5 

12*3 

201 

200*2 

17*5 

261 

260* 

0 

22*7 

22 

21-9 

1-9 

88 

81-7 

71 

142 

141-5 

12*4 

202 

201-2 

17-6 

262 

261* 

0 

22*8 

23 

22-9 

2-0 

83 

82*7 

7-2 

143 

142-5 

12*5 

203 

202*2 

17*7 

263 

262- 

0 

22*9 

24 

23-9 

2-1 

84 

83*7 

7-3 

144 

143*5 

12*6 

204 

203-2 

17*8 

264 

263* 

0 

23*0 

25 

24-9 

2-2 

85 

84*7 

7*4 

145 

144*4 

12-6 

206 

204-2 

17-9 

265 

264- 

0 

23*1 

23 

25-9 

2-3 

86 

85-7 

7-5 

146 

145-4 

12-7 

206  205*2 

18*0 

266 

265* 

0 

23*2 

27 

26-9 

2-4 

87 

86-7 

7-6 

147 

146-4 

12*6 

207  i  206  '2 

18-0 

267 

266' 

0 

23-3 

28 

27-9 

2-4 

88 

87*7 

7*7 

148 

147-4 

12*9 

208   207*2 

18*1 

268 

267- 

0 

23*4 

29 

28-9 

2-5 

89 

88-7 

7«8 

149 

148-4 

13*0 

209   208  *2 

18*2 

269 

268* 

0 

23*4 

SO 

29-9 

2-6 

90 

89-7 

7*8 

150 

149-4 

13*1 

210  209  *2 

18*3 

270 

269* 

0  23*5    1 

31 

30-9 

2-7 

91 

90*7 

7-9 

151 

150*4 

13*2 

211   210-2 

1^*4 

271 

270* 

0 

23-6 

32 

31-9 

2-8 

92 

91*6 

8*0 

152 

151*4 

13-2 

212 

211*2 

18*5 

272 

271- 

0 

23*7 

83 

32-9 

2-9 

93 

92*6 

8*1 

153 

152*4 

13*3 

213 

212*2 

18*6 

273 

272- 

0 

23-8 

34 

33-9 

3-9 

94 

93-6 

8*2 

154 

153*4 

13*4 

214 

213*2 

18-7 

274 

273' 

0 

23*9 

83 

34-9 

31 

95 

94*6 

8-3 

155 

154*4 

13*5 

215 

214*2 

18*7 

275 

274' 

0 

24*0 

83 

35*9 

31 

96 

95-6 

8*4 

156 

155*4 

13*6 

216 

215*2 

18*8 

276 

274' 

9 

24*1 

87 

36-9 

3-2 

97 

96*6 

8-6 

157 

156-4 

13-7 

217 

216*2 

18*9 

277 

275' 

9 

24*1 

38 

37-9 

8 '8 

98 

97*6 

8  •5 

158 

157*4 

13*8 

218 

217*2 

19*0 

278 

276' 

9 

24*2 

89 

38-9 

8-4 

99 

98*6 

8*6 

159 

158*4 

13*9 

219 

218*2 

19-1 

279 

277' 

24*3 

40 

39-8 

8-5 

100 

99*6 

8*7 

160 

159*4 

13*9 

220  219*2 

19*2 

280 

278' 

9   24*4    1 

41 

40-8 

3-6 

101 

100*6 

8*8 

161 

160*4 

14-0 

221 

220*2 

19*3 

281 

279 

24*5 

42 

41-8 

8-7 

102 

101-6 

8*9 

162 

161-4 

14  1 

222 

221*2 

19*3 

282 

280' 

24*6 

43 

42-8 

8-7 

103 

102*6 

9*0 

163 

162*4 

14*2 

223 

222*2 

19*4 

283 

281' 

24*7 

44 

43*8 

8-8 

104 

103-6 

91 

164 

163*4 

14*3 

224 

223*1 

19*5 

284 

282' 

24*8 

43 

44*8 

8-9 

106 

104*6 

9-2 

165 

164*4 

14*4 

225 

224*1 

19*6 

285 

283' 

24*8 

46 

45-8 

4  0 

106 

105*6 

9*2 

166 

165*4 

14-5 

226 

225-1 

19-7 

286 

284 

24-9 

47 

46-8 

4  1 

107 

106-6 

9*3 

167 

166*4 

14-6 

227 

226*1 

19*8 

287 

285 

25*0 

48 

47-8 

4-2 

108 

107*6 

9*4 

168 

167*4 

14-6 

228 

227*1 

19-9 

288 

286 

25*1 

49 

48*8 

4-8 

100 

108*6 

9*5 

169 

168-4 

14*7 

229 

228-1 

20*0 

289 

287 

25*2 

50 

49-8 

4-4 

110 

109-6 

9*6 

170 

169*4 

14*8 

230 

229*1 

20*0 

290 

288 

25*3 

51 

50-8 

4  4 

111 

110*6 

9*7 

171 

170*3 

14*9 

231 

230*1 

20*1 

291 

289 

25-4 

52 

51-8 

4-5 

112 

111*6 

9*8 

172 

171*3 

15*0 

232 

231*1 

20*2 

292 

290 

25*4 

53 

52-8 

4-6 

113 

112*6 

9*8 

173 

172*3 

15-1 

233 

232*1 

20*3 

293 

291 

25*5 

M 

53-8 

4-7 

114 

113*6 

9*9 

174 

173*8 

15*8 

234 

233*1 

20*4 

294 

292 

25-6 

55 

54*8 

4-8 

115 

114*6 

10  0 

175 

174-3 

15*3 

235 

234-1 

20*5 

295 

293 

25*7 

56 

55*8 

4-9 

116 

115-6 

10-1 

176 

175-3 

15*3 

236 

235*1 

20*6 

296 

294 

25*8 

57 

56-8 

6-0 

117 

116*6 

10-2 

177 

176*3 

15-4 

237 

236-1 

20*7 

297 

295 

25-9 

58 

57-8 

6-1 

118 

117*6 

10-3 

178 

177-3 

15*5 

238 

237*1 

20-7 

298 

296 

26*0 

59 

58*8 

61 

119 

118-6 

10*4 

179 

178-3 

15*6 

239 

238-1 

20*8 

299 

297 

26  0 

li?L 

59-8 

6-2 

120 

119-6 

10-5 

180 

179*3 

15*7 

240 

239-1 

20*9 

300 

298*9 

26  1 

1  Dwl 

\  Dq>.  I  Ut.  fDift 

Dep. 

Uk. 

Dift 

Dep.  |Ut.|Diit 

Dep. 

let. 

Diet 

Dep. 

Let. 

8S^«B5h.  40m. 


TABLE  2. 


Tmyene  Table  to  6  Degree8=0h.  24m. 


Lat    Dep.  Diat    Lat     Dep. 


6 
6 
6 
6 
6 
6 


'6 


6-0 
7-1 
7-2 
7-3 


Dist    Ltt 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


120-3 
121-3 
122-3 
123-3 
124-3 
I  '»5  -3 
126-3 
127-3 
128-3 
129-3 


Dep.[] 


Dist 


12-6 
12-8 


7 
7 

7 
7 
7 
7 
8 
8 
8 
8 


4 

131 

5 

132 

6 

133 

7 

134 

8 

135 

9 

136 

0 

137 

2 

138 

3 

139 

4 

140 

130 

131 

132 

133 

134 

135 

136 

137-2 

138-2 

139-2 


8 
8 
8 
8 
8 
9 
9 
9 
9 
9. 


5 

141 

6 

142 

7 

143 

8 

144 

9 

145 

0 

146 

1 

147 

2 

148 

3 

149 

4 

150 

140 

141 

142 

143 

144 

145 

146-2 

147-5 

148-2 

149-2 


x1 


99  5 


9-5 

151 

9-6 

152 

9-7 

153 

9-8 

154 

9*9 

155 

10  0 

156 

10-1 

157 

10-2 

158 

10-3 

159 

10-5 

160 

150-2 

151-2 

152-2 

153-2 

154 

155 

156 

157 

158 

159 


12 
13 
13 
13 
13 
13 
13 


13-6 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


Lat.  Dep. 


180*0 
181-0 
182-0 
183-0 
184-0 
185-0 
186-0 
187-0 
188-0 
189-0 


18 
19 
19 
19 
19 
19 
19-5 
19-7 
19-8 
119-9 


Dist 


241 
242 
243 
244 
245 
246 
247 
248 
249 
250 


13-7 
13-8 


13 
14 

14 
14 
14 
14 
14 
14 


14 
14 
14 
15 
15 
15 
15 
15 
15 
15 


15-8 

15-9 

16 

16 

16 

16 

16 

16 

16 

16 


10 

UO 

10 

10 

\\ 
\\ 
u 
n 
n 
u 

'  u' 
u 
n 
n 

\« 
\^ 
\j 


-6 
•7 
-8 
-9 
0 
-1 

i 

3 
»4 

5 


161 
162 
163 
164 
165 
<166 
167 
168 
169 

iro 

i-r 

17,? 
IM 

in 

175 
176 

\r7 

US 
ISO 


1601 


161 
162 


163-1 
'164  1 
165-1 
166-1 
167-1 
168-1 


16-8 
16-9 
17 
17 
17 
17 
17 
17 
'17 


169  1"  17-8 


iroi 


•1 
\ 

-0 
*0 


1^1.  |l>i>t  V 


171 

i:^ 

173 
174 
175^ 
176  0 

\:7^ 

K>^.0 
ir9J» 


17 
;18 
!l8 
18 
18 
18 
18 
18 
18 
18 


-9 
-0 
-1 
-2 
'3 
•4 
»5 
-6 
-7 
»8 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


190  0 

190-9 

191-9 

192 

193 

194 

195 

196 

197 

198 


-9 
•9 
•9 
•9 
•9 
•9 
•9 


199 
200 
201 
202 
203 


204-9 


205 
206 
207 


208-8 


20 

20 

20 

20 

20 

20 

20 

20 

20-8 

20-9 


21 
21 
21 
21 
21 


21-6 
21-7 
21  8 
21-9 
22*0 


251 
252 
253 
254 
255 
256 
257 
258 
259 
260 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


209*8 
210-8 
211-8 
212-8 
213-8 
214-8 
215-8 
216-8 
217-8 
218-8 


22 
22 
22 
22 
22 
22 
22 


22-8 


22 
23 


•9 
•0 


271 
272 
273 
274 
275 
2t^ 
277 
278 
279 
280 


219 
220 
221 
222 
223 
224 
225 
226 
227 
228 


8 
8 


23-1 
23-2 


8  23 
8)23 
8*23 


8 
8 
8 
7 
7 


23 

23 

23-8 

23-9 

24-0 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


239 
240 
241 
242 
243 
244 
245 
246 
247 
248 


7 
7 

7 
7 
7 
7 
6 
6 
6 
6 


249 
250 
251 
252 
253 
254 
255 
256 
257 
258 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


25-2 
25-3 
25-4 
25-5 
25-6 
25-7 
25-6 
25-9 
26-0 
26-1 

26-2 
26-3 
26-4 
26-6 
26-7 
26-8 
26-9 
27-0 
27  1 
27-2 


259 
260 
261 
262 
263 
264 
265 
266 
267 
268 


6 

■5' 


3 

4 
5 
6 
7 


5 

?! 


27 

27 

27 

27 

27 

27-8 

27-9 

28 

28 

28 


1 
2 
3 


269 -5;  28 -4 
270 -5  I  28 -5 
271  -5  28  -6 
272-5  28-7 
273  -5  '  28  -8 
274-5  28-9 
275-5  29-0 
276-5  29-1 
277-5  29-2 
278  -5  !  29  -3 


279 
280 
281 
282 
283 
284 
285 
286 
287 
288 


5 
5 
4 

4 
4 
4 
4 
4 
•4 
A 


29-4 
29-5 
29-6 
29-7 
29-8 
29-9 
30-0 
30-1 
30-2 
30-3 


Lut, 


231 
232 
233 
234 
235 
236 
237 
238 
239 
210 


229 
230 
231 
232 
233 
234 
235 
236 
237 
238 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


24 

24 

24 

24 

24 

24 

24-8 

24-9 

25-0 

25-1 


-1 
•3 
•4 
•5 
-6 
•7 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


289-4 

290-4' 

291-4 

292-4 

293 -4  I 

294-4 

295-4 

296-4 

297*4 

298-4 


30-4 
30-5 
30-6 
30-7 
30-8 
30-9 
31  0 
31-1 
31-3 
31-4 


Dep.     Lit.  iDist   Dqi.  |  Lat 
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I>UEt 

lilt. 

Dep. 

Dnt 

Lit. 

Dep. 

DSstl    Lit. 

I>q>. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

1 



0 

0-1 

61 

60-5 

7-4 

121 

1201, 14-7 

181 

179*7 

22*1 

241 

239*2 

29*4 

2 

2' 

0 

0*2 

62 

61-5 

7-6 

122 

121  1 

14-9 

182 

180-6 

22*2 

242 

240 

•2 

29-5 

3 

3' 

0 

0-4 

63 

62-5 

7-7 

123 

122-1 

15*0 

183 

181-6 

22*3 

243 

241 

•2 

29-6 

4 

4' 

0 

0*5 

64 

63-5 

7-8 

124 

123-1 

15-1 

184 

182-6 

22-4 

244 

242 

•2 

29-7 

5 

5 

-0 

0-6 

65 

64-5 

7-9 

125 

124-1 

15-2 

185 

183-6 

22*5 

245 

243 

•2 

29*9 

6 

6- 

-0 

07 

66 

65-5 

8-0 

126 

125-1 

15-4 

186 

184-6 

22-7 

246 

244 

•2 

30-0 

7 

6 

9 

0-9 

67 

66-5 

8-2 

127 

126-1 

15-5 

187 

185-6 

22*8 

247 

245 

•2 

30*1 

H 

7 

'9 

1-0 

68 

67-5 

8-3 

128 

127-0 

15*6 

188 

186-6 

22-9 

248 

246 

•2 

30-2 

9 

8- 

9 

1-1 

69 

68-5 

8-4 

129 

128-0 

15-7 

189 

187-6 

23-0 

249 

247 

30*3 

lO 

9 

9 

1-2 

70 

69-5 

8-5 

130 

129-0 

15-6 

190 

188*6 

23-2 

250 

248 

30*5 

11 

10 

9 

1-3 

71 

70-5 

8-7 

131 

130-0 

16-0 

191 

189*6 

23-3 

251 

249 

30-6 

12 

11* 

9 

1-5 

72 

71-6 

8-8 

132 

131-0 

16-1 

192 

190-6 

23-4 

252 

250 

30-7 

13 

12- 

9 

1*6 

73 

72  S 

8.9 

133 

132-0 

16-2 

193 

191-6 

23-5 

253 

251 

»i 

30*8 

14 

13 

9 

17 

74 

73-4 

9-0 

134 

133-0 

16-3 

194 

192-6 

23-6 

254 

252 

31-0 

15 

14' 

9 

1-8 

75 

74-4 

91 

135 

134  0 

16-5 

195 

193-5 

23-8 

255 

253 

31-1 

16 

15' 

9 

1-9 

76 

75-4 

9*3 

136 

135-0 

16*6 

196 

194-5 

23*9 

856 

254 

31-2 

17 

16' 

9 

2-1 

77 

76*4 

9*4 

137 

136-0 

167 

197 

195-5 

24-0 

257 

255 

31-3 

18 

17- 

9 

2-2 

78 

77-4 

9*5 

138 

137-0 

16-8 

198 

196-5 

24*1 

258 

256- 

31-5 

19 

18' 

9 

2-3 

79 

78-4 

9-6 

139 

138-0 

16-9 

199 

197-5 

24-3 

259 

257' 

31-6 

20 

19' 

'9 

2-4 

80 

79-4 

9-7 

140 

139  0 

17-1 

200 

198-5 

24-4 

260 

258* 

31*7 

21 

20 

'8 

2-6 

81 

80-4 

9*9 

141 

139*9 

17-2 

201 

199*5 

24-5 

261 

259' 

^~ 

31*8 

22 

21 

'8 

2  7 

82 

81-4 

10*0 

142 

140-9 

17*3 

202 

200-5 

24-6 

262 

260- 

0 

31*9 

23 

22 

•8 

2-8 

83 

82-4 

10-1 

143 

141-9 

17-4 

203 

201-5 

24-7 

263 

261' 

0 

32*1 

24 

23- 

•8 

2-0 

84 

83*4 

10-2 

144 

142*9 

17*5 

204 

202-5 

24-9 

264 

262' 

0 

32*2 

25 

24 

'8 

3-0 

85 

84-4 

10-4 

145 

143*9 

17-7 

205 

203-5 

25-0 

265 

263- 

0 

32*3 

26 

25 

'8 

3-2 

86 

85-4 

10-5 

146 

144*9 

17-8 

206 

204-5 

25-1 

266 

264 

0 

32*4 

27     26 

'8 

3-3 

87 

86-4 

10-6 

147 

145-9 

17-9 

207 

205-5 

25*2 

267 

265' 

0 

32*5 

28     27 

•8 

3-4 

88 

87-3 

107 

148 

146*9 

18  0 

208 

206*5 

25-3 

268 

266' 

0 

32*7 

29 

28 

'8 

3-5 

89 

88-3 

10-8 

149 

147*9 

18*2 

209 

207-5 

25*5 

269 

267- 

0 

32*8 

30 

29 

•8 

3-7 

90 

89-3 

11-0 

150 

148*9 

18*3 

210 

208-5 

25*6 

270 

268' 

0 

32*9 

31 

30 

-8 

3-8 

91 

90-3 

11-1 

151 

149*9 

18-4 

211 

209-4 

25*7 

271 

269 

0 

33*0 

32 

31 

•8 

3-9 

92 

91-3 

11-2 

152 

150-9 

18*5 

212 

210*4 

25*8 

272 

270' 

0 

33*1 

33 

32 

'8 

4-0 

93 

92-3 

11-3 

153 

151*9 

18*6 

213 

211-4 

26*0 

273 

271' 

0 

33-3 

31 

33 

•7 

4-1 

94 

93-3 

11*5 

154 

152*9 

18-8 

214 

212*4 

26*1 

274 

272 

0 

33-4 

35 

34 

•7 

4-3 

95 

94*3 

11-6 

155 

153*8 

18-9 

215 

213*4 

26*2 

275 

273 

0 

33-5 

36 

35 

■7 

4-4 

96 

95-3 

11*7 

156 

154*8 

19-0 

216 

214*4 

26*3 

276 

273 

9 

33*6 

37 

36 

•7 

4-5 

97 

96-3 

11*8 

157 

155*8 

19-1 

217 

215*4 

26-4 

277 

274 

9 

33*8 

38 

37 

7 

4-6 

98 

97-3 

11*9 

158 

156*8 

19-3 

218 

216*4 

26-6 

278 

275 

9 

33*9 

39 

38 

•7 

4-8 

99 

98-3 

12*1 

159 

157*8 

19*4 

219 

217*4 

26-7 

279 

276 

9 

34*0 

40 
41 

39 

•7 

4-9 

100 

99-3 

12*2 

160 

158*8 

19*5 

220 

218*4 

26*8 

280 

277 

9 

34*1 

40 

7 

5-0 

101 

100-2 

12*3 

161 

159-8 

19*6 

221 

219-4 

26*9 

281 

278- 

'9 

34-2 

42 

41* 

7 

5-1 

102 

101*2 

12-4 

162 

160*8 

19*7 

222 

220*3 

27  1 

282 

279 

9 

34*4 

43 

42 

7 

5*2 

103 

102-2 

12*6 

163 

161*8 

19*9 

223 

221*3 

27*2 

283 

280 

■9 

34*5 

44 

43 

7 

5*4 

104 

103*2 

12*7 

164 

162*8 

20*0 

224 

222-3 

27*3 

284 

281- 

'9 

34*6 

45 

44 

7 

5*5 

105 

104-2 

12*8 

165 

163*8 

20-1 

225 

223*3 

27*4 

285 

282 

-9 

34*7 

46 

45 

7 

5*6 

106 

105-2 

12-9 

166 

164*8 

20*2 

226 

224*3 

27*5 

286 

283 

9 

34*9 

47 

46 

•6 

5-7 

107 

106*2 

13*0 

167 

165*8 

20*4 

227 

225*3 

27*7 

287 

284 

9 

35*0 

48 

47 

'6 

5-8 

108 

107-2 

13*2 

168 

166-7 

20*5 

228 

226*5 

27*8 

288 

285 

9 

35*1 

49 

48 

'6 

6-0 

109 

108*2 

13*3 

169 

167*7 

20*6 

229 

227*3 

27*9 

289 

286- 

-8 

35*2 

50 

49 

'6 

6*1 

110 

109*2 

13*4 

170 

168*7 

20*7 

230 

228*3 

28*0 

290 

287- 

8 

35*3 

51 

9  jk 

50 

'6 

6*2 

111 

110-2 

13*5 

171 

169*7 

20*8 

231 

229*3 

28*2 

291 

288 

8 

35*5 

52 

51 

'6 

6-3 

112 

111-2 

13-6 

172 

170*7 

21  0 

232 

230*3 

28*3 

292 

289- 

8 

35*6 

53 

52 

'6 

6-5 

113 

112*2 

13*8 

173 

171*7 

21-1 

233 

231*3 

28*4 

293 

290 

8 

35*7 

54 

53 

•6 

6-6 

114 

113*2 

13-9 

174 

172*7 

21*2 

234 

232*3 

28*5 

294 

291 

8 

35*8 

55 

54 

'6 

67 

115 

114*1 

14-0 

175 

173*7 

21*3 

235 

233*2 

28*6 

295 

292 

8 

36  0 

56 
57 
58 
59 
60 

Dirt 

55 

'6 

6-8 

116 

115  1 

14-1 

176 

174*7 

21-4 

236 

234*2 

28*8 

296 

293 

-8 

36  1 

56 

'6 

6-9 

117 

116-1 

14-3 

177 

175*7 

21*6 

237 

235*2 

28*9 

297 

294 

-8 

36*2 

57 

'6 

7*1 

118 

117-1 

14-4 

178 

1767 

21-7 

238 

236*2 

29  0 

298 

295 

-8 

36*3 

58- 

'6 

7*2 

119 

118*1 

14-5 

179 

177*7 

21-8 

239 

237*2 

29*1 

299 

296 

-8 

36*4 

59 -OJ 

7.3 

120 

119*1 

14-6 

180 

178*7   21-9 

240 

238*2 

29*2 

300 

297 

•8 

36*6 

Dep7 

Lflt.|Dist 

Dep. 

L«t. 

Difft  Dep.  1  Lat. 

DU^ 

Dep* 

Ut. 

Diet 

Dep. 

1  Lat. 
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0iii 

JM. 

Dep. 

Din 

Ut. 

Dqi. 

tNft    LU. 

Dep.lDirt|  Uk. 

V^. 

DM    Ul 

Dep. 

1 

10 

01 

61 

60-4 

8-5 

121 

119-8 

181   179 -2] 25 -2 

241 

238-3 

'  33-5 

2 

2  0 

OS 

62 

61-4 

8-6 

122 

120-8 

182   180-2 

25-3 

842 

239 -C 

►  $3-7 

S 

SO 

0*4 

63 

62-4 

8-8 

123 

121-8 

183 

181-2 

25-3 

243 

240-4 

i  SS'B 

4 

4*0 

0-6 

64 

63-4 

8-9 

124 

122-8 

184 

182-2 

25-6 

244 

241 -« 

\  34-0 

5 

3  0 

0-7 

65 

64-4 

9*0 

125 

123-8 

185 

183-2 

23-7 

243 

248-1 

;  341 

6 

3-9 

0-8 

66 

63-4 

9-2 

126 

124-8 

186 

184-2 

23-9 

2461243-4 

i  34-2 

7 

6*9 

1-0 

67 

66-3 

9-3 

127 

123-8 

187 

183-2 

26 -o;  247 

244-4 

34-4 

8 

7-9 

I'l 

68 

67  3 

9-3 

128 

126-8 

188 

186-2 

26-2   248 

243.6 

>  34-5 

9 

8-9 

IS 

69 

68 -S 

9-6 

129 

127-7 

18-0 

189 

187-2 

26-3   149 

246-6 

34-7 

10 

9-9 

1-4 

70 

69-3 

9-7 

130 

128-7 

18*1 

190 

188-2 

26-4    230 

247-6 

34-8 

11 

10*9 

1-5 

h 

70-3 

9-9 

13l 

129-^    18-2 

191,189-1 

26-6 

251 

248-6 

34-9 

12 

11*9 

If 

72 

71-3 

10-0 

132 

130-7   18-4 

192 

190-1 

26-7 

252 

249-3 

35*1 

IS 

12*9 

1-8 

73 

72  3 

10-2 

133 

131*7 

18*3 

193 

191-1 

26-9 

233 

230*3 

33-2 

14 

13-9 

1-9 

74 

73-3 

10-3 

134 

138-7 

18-8 

194 

192-1 

27-0 

234 

231-3 

33-3 

16 

14-8 

21 

73 

74*3 

10-4 

133 

133-7 

18-8 

195 

193  1 

27-1 

253 

23fl-3 

33-5 

16 

15*8 

2-2 

76 

73  S 

10-6 

136 

134-7 

18-9 

196 

194-1 

27-3 

258 

253-3 

33-6 

17 

16*8 

2-4 

77 

76-3 

10*7 

137 

133-7 

19 -1 

197 

193-1 

27-4 

257 

234-3 

33*8 

18 

17-8 

2-3 

78 

77-2 

10-9 

136 

136-7 

19*2 

198 

196  1 

27*6 

230 

238-3 

33-9 

19 

18-8 

2-6 

79 

78-2 

11*0 

139 

137-7 

19-3 

199 

197-1 

27-7 

259 

236-3 

36-0 

20 

19-8 

2-8 

80 

79-2 

11-1 

140 

138-0 

19*3 

200 

198-1 

27-8 

200 

237-3 

36-2 

21 

20-8 

2-9 

81 

80-2 

ITT 

^4l 

13^ -i 

i^'i 

2*1 

199-0 

28-0 

261 

258-3 

36-3 

22 

21-8 

8  1 

82 

81*2 

11*4 

142 

140-6 

19*8 

202 

200-0 

28-1 

262 

259-3 

36-5 

23 

22*8 

S-2 

83 

82-2 

11-6 

143 

141-6 

19'9 

203 

201-0 

28-3 

263 

260-4 

36-6 

24 

23-8 

3-3 

84 

83-2 

11-7 

144 

148-6 

20-0 

204 

202-0 

28-4 

204 

261-4 

36-7 

25 

24*8 

8-3 

83 

84-2 

11*8 

143 

143-6 

20-2 

205 

203-0 

28-8 

283 

262-4 

36-9 

26 

25-7 

3-8 

86 

83-2 

12 '0 

146 

144-6 

20-3 

206 

204  0 

28*7 

206 

263-4 

37-0 

27 

26-7 

3-8 

87 

86-2 

12-1 

147 

143-6 

20-3 

207 

205-0 

28*8 

267 

264-4 

37-2 

28 

27-7 

3-9 

88 

87-1 

12*2 

148 

146-6 

20-6 

208 

206-0 

28-9 

268 

263-4 

37-3 

29 

28-7 

4-0 

89 

88*1 

12*4 

149 

147-3 

20-7 

209 

207-0 

29-1 

209 

266-4 

37-4 

90 

29-7 

4-2 

90 

89  1 

12*3 

130 

148-3 

20-9 

210 

208-0 

29-8 

270 

267*4 

37-6 

SI 

30-7 

4-3 

91 

90*1 

12-7 

151 

i49-3 

il-0 

211 

208-9 

29*4 

271 

268-4 

37-7 

S2 

31-7 

4-3 

92 

91-1 

12-8 

132 

150-5 

21-2 

212 

209-9 

29-3 

272 

260-4 

37*9 

S3 

32-7 

4-6 

93 

98  1 

12*9 

133 

151-3 

21-3 

213 

210-9 

29-6 

273 

270*3 

38*0 

S4 

33-7 

4-7 

94 

93-1 

131 

184 

158-3 

21*4 

214 

211-9 

29*8 

274 

271-3 

38*1 

S5 

34-7 

4-9^ 

93 

94  1 

13*2 

135 

153-3 

21-6 

215 

212-9 

29-9 

275 

272*3 

38*3 

36 

35-6 

3-0 

96 

93-1 

13-4 

136 

154-5 

21-7 

216 

2U-9 

30-1 

276 

273*3 

38-4 

37 

36*6 

3  1 

97 

96-1 

13-3 

157 

153-5 

21-9 

217 

214-9 

30-2 

277 

274-3 

38-6 

88 

37-6 

3*3 

98 

97-0 

13*6 

138 

154.3 

22-0 

218 

215-9 

30-3 

278 

273^-3 

38-7 

39 

38*6 

3*8 

99 

98*0 

13*8 

159 

137.5 

22-1 

219 

210*9 

30-3 

279 

276-3 

38-8 

40 

39-6 

3-6 

100 

99*0 

13*9 

160 

158-4 

22-3 

220 

217-9 

30-6 

280 

277-3 

39-0 

41 

40*6 

3-7 

101 

100-0 

14-1 

lil 

159-4 

22-4 

^1 

21S-8 

to '8 

281 

278-3 

39  1 

42 

41*6 

3-8 

102 

101-0 

14-2 

162 

100-4 

22-3 

222 

2119-8 

30-9 

282 

279*3 

39-2 

43 

42*6 

6-0 

103 

102-0   14-31 

168 

101-4 

22-7 

213 

220-8 

31 -» 

283 

280-2 

39-4 

44 

43-6 

61 

104 

103-0 

14-3 

164 

162-4 

22-8 

224 

221-8 

31  •« 

284 

281-2 

39*5 

43 

44-6 

6-3 

103 

104-0 

14-6 

165 

103-4 

23  0 

225 

222-8 

31-8 

283 

282-2 

39-7 

46 

43*6 

6*4 

106 

103-0 

14-8 

166 

104-4 

23-1 

226 

223-8 

31-5 

286 

283*2 

39-8 

47 

46*3 

6*3 

107 

106-0 

14*9 

167 

103-4 

23-2 

227 

224-8 

31-0 

287 

284-2 

39-9 

48 

47-3 

6-7 

106 

106-9 

15-0 

168 

166-4 

23-4 

228 

225-8 

31-7 

288 

285-2 

40*1 

40 

48-3 

6*8 

109 

107-9 

15-2 

169 

167-4 

23-5 

229 

226  ^8 

31-9 

289 

286-2 

40-2 

30 

49-3 

7*0 

110! 

108*9 

13-3 

170 

168-3 

23-7 

230 

227-8 

32-0 

290 

287*2 

40-4 

"IT 

30 -3 

7-1 

ill 

109-9 

15-4 

171 

169-3 

23-8 

231 

22S-8 

321 

291 

288-2 

40-5 

32 

3P3 

Vt 

112 

110*9 

15  6 

172 

170-3 

23-9 

232 

229-7 

32-3 

292 

289  "^ 

40*6 

33 

3i-3 

7*4 

US 

111*9 

15-7 

173 

171-3 

24-1 

233 

230-7 

32-4 

293 

290*1 

40*8 

34 

33-3 

7*3 

114 

112*9 

13*9 

174 

172-3 

24-2 

234 

231-7 

32-6 

294 

291*1 

40-9 

35 

34-3 

77 

113  1 

113*9 

16*0 

175 

173*3 

24-4 

235 

232-7 

32-7 

295 

292-1 

41*1 

36 

33-3 

7-8 

1161 

114*9 

16*1 

176 

174*3 

24-3 

236 

233-7 

32-0 

296 

293-1 

41*2 

37 

36 -4 

7  9 

117 

113-9 

16*3 

177 

173*3 

24-6 

237 

234-7 

33.0 

297 

294-1 

41-3 

38 

3r4 

%'\ 

\\n 

1)6  9 

16*4 

178 

170-3 

24-8 

288 

236-7 

33-1 

298 

295*1 

41*5 

39 

38*4 

8-9 

n9 

iir  8 

t6-6 

179 

177*3 

24*9 

239 

236-7 

33-3 

299 

296-1 

41*6 

60 

39 '4 

8-< 

\\n  8 

\^'f 

23-1 

240 

237-7 

33-4 

300 

297*1 

41*8 

^ut  iVpl 

TVy  1  \m  ] 

isa 

Tier.|t.3.| 

DiK 

Dep. 

lA 

XABLE    i. 
Tnrene  Tabk  to  9  DegreessOh.  S6m. 


Sft 


Dtat|U8. 

n^ 

I>i«l 

UL 

Dep.|Dut 

UL 

Dep. 

Di-t 

h^ 

Dep. 

Difltl  UL 

D6f- 

1 

1-6 

0-2 

61 

60-2 

9-5 

121 

119-5 

18-9 

181 

178-8    28*3 

241    238*6 

37-7 

2 

2*6 

0-8 

68 

61-2 

9-7 

122 

120-5 

19*1 

182 

179*8   28*5 

242 

239-0 

37-9 

a 

1-6 

0-5 

68 

62-2 

9-9 

123 

121-5 

19-2 

183 

180-7 

28*6 

243 

240*0 

38-0 

4 

4-6 

0-6 

64 

68-2 

10-0 

124 

122-5 

19*4 

184 

181-7 

28-8 

244 

241-0 

86-2 

8 

4-9 

0-8 

65 

64-2 

10-2 

125 

123-5 

19*6 

185 

182*7 

28-9 

245 

242  0 

38-3 

6 

5-9 

0-9 

66 

65-2 

10-5 

126 

124-4 

19-7 

186 

183-7 

29-1 

246 

243*0 

38-5 

7 

6 -9 

1-1 

67 

66-2 

10-5 

127 

125-4 

19-9 

187 

184*7 

29*3 

247 

244-0 

38-6 

6 

7-9 

1-5 

68 

67-2 

16-6 

128 

126-4 

20*0 

188 

185-7 

29-4 

248 

244*9 

88-8 

9 

8*8 

1-4 

CO 

68-2 

16-8 

129 

127-4 

20-2 

189 

186-7 

29*6 

249 

245*9 

39-0 

10 

8*9 

1*6 

76 

69-1 

11-0 

130 

128-4 

20*3 

190 

187-7 

29-7 

250 

246-9 

89-1 

11 

16-8 

1-7 

n 

70-1 

11  1 

131 

129-4 

20*5 

191 

188-6 

29-9 

251 

247*9 

39*3 

12 

U-9 

1-9 

72 

71-1 

11-5 

132 

136-4 

20*6 

192 

189-6 

30-0 

252 

248-9 

39-4 

13 

12*8 

2  0 

78 

72-1 

11-4 

133 

131-4 

20*8 

193 

196-6 

30-2 

253 

249-9 

89-6 

14 

15-8 

2-2 

74 

75  1 

11-6 

134 

132-4 

21*6 

194 

191-6 

30-3 

254 

256-9 

39-7 

15 

14*8 

2-5 

75 

74-1 

11-7 

135 

133-3 

21  1 

195 

192-6 

30*5 

255 

251*9 

39-9 

16 

15*8 

2-5 

76 

75-1 

11-9 

136 

134-3 

21*3 

196 

193-6 

30-7 

256 

252-8 

40-0 

17 

16-8 

2  7 

77 

76  1 

12*6 

137 

135-3 

21*4 

197 

194-6 

30*8 

257 

253-8 

40-2 

18 

17-8 

2-8 

78 

77-0 

18-2 

158 

136-3 

21-6 

198 

195-6 

31-0 

258 

254-8 

40-4 

19 

18*8 

5-6 

79 

78-0 

12-4 

139 

137-3 

21-7 

199 

196-5 

31-1 

259 

255-8 

40-5 

fO 

19 -8 

8-1 

86 

79-0 

12-5 

146 

138-3 

21*9 

200 

197-5 

31-3 

260 

256-8 

40*7 

81 

86-7 

5-5 

81 

80  0 

12-7 

141 

139-5 

22*1 

201 

198-5 

31*4 

261 

257-8 

40*8 

88 

81-7 

5-4 

82 

81-0 

12 -8 

142 

146-3 

22-2 

202 

199*5 

31-6 

262 

258-8 

41*0 

85 

82*7 

5-6 

85 

82-6 

15-6 

143 

141-2 

22-4 

203 

200*5 

31-8 

263 

259-8 

41-1 

M 

85 -7    8-8 

84 

85-6  13*11 

144 

142-2  22*5| 

204 

201-5 

31*9 

264 

260-7 

41-3 

86 

84>7    5-8 

85 

84-0 

15-5 

145 

145-2 

22-7 

205 

202*5 

32-1 

265    261*71 

41-5 

86 

tt*7    4-1 

86 

84-8 

15-5 

146 

144-2 

22*8 

206 

203-5 

32-2 

266 

262*7 

41-6 

87 

86-7 

4-2 

87 

85-9 

15-6 

147 

145-2 

23*6 

207 

204*5 

32*4 

267 

268-7 

41*8 

88 

87-7 

4-4 

88 

86-8 

15-8 

148 

146-2 

25-2 

208 

205-4 

32*5 

268 

264-7 

41*9 

89 

88 -6 

4-5 

89     87-9 
961  88-9 

15-9 

149 

147-2 

25-5 

209 

206-4 

32-7 

269 

265-7 

42*1 

80 

89-6 

4-7 

14-1 

ISO 

148-2 

23-5 

210 

207*4 

32-9 

270 

266*7 

42-2 

51 

$6 -6 

4-8 

91 

89-9 

14-2 

151 

149  1 

23*6 

211 

208*4 

35-0 

271 

267*7 

42*4 

52 

51-6 

5-0 

92 

96-9 

14-4 

152 

156-1 

23*8 

212 

209-4 

33-2 

272 

268*7 

42*6 

55 

52*6 

5-2 

96 

91*9 

14-5 

153   151-1 

25*9 

213 

210-4 

33*3 

273 

269*7 

42*7 

54 

55-6 

5-8 

84 

98-8 

14-7 

154   152-1 

24-1 

214 

211-4 

33-5 

274 

276  -6 

42-9 

86 

54 -6 

5-5 

85 

98-8 

14-9 

155 

1551 

24-2 

215 

212*4 

33-6 

275 

271*6 

43  0 

56 

55-6 

&-6 

86 

94-8 

15-6 

156 

154  1 

24-4 

216 

218*5 

33-8 

276 

272*6 

43-2 

57 

36-5 

5-8 

87 

95-8 

15*2 

157 

155-1 

24*6 

ai7 

214*5 

33*9 

277 

273-6 

43*8 

58 

57-5 

5-9 

98 

96-8 

15-5 

158 

156  1 

24-7 

218 

215*5 

34-1 

278 

274-6 

43*5 

59 

58*5 

6-1 

99 

97-8 

15-5 

159 

157-6 

24-9 

219 

216*5 

34-3 

279 

275-6 

43*6 

46 

>9-5 

6-8 

166 

98-8 

15-6 

186 

158-6 

25*6 

220 

217-5 

34-4 

280 

276-6 

43-8 

41 

46-5 

6-4 

lOT 

te-8 

15*8 

161 

159-6 

25*2 

221 

218*3 

34-6 

281 

277-5 

44-6 

48 

41*8 

6-6 

102 

166-7 

16-6 

162 

166-6 

85*8 

222 

219-5 

84*7 

282 

278-5 

44*1 

45 

48*5 

6-7 

105 

161-7 

161 

163 

161-6 

25-5 

228 

226-3 

54-9 

283 

279*5 

44-8 

44 

48«5 

6-9 

104 

108-7 

16-5 

164 

162  0 

25-7 

224 

221-2 

55  0 

284 

280-5 

44-4 

45 

44*4 

7-0 

105 

IPS -7 

16-4 

165 

163-6 

25-8 

225 

222*2 

55.2 

285 

281*5 

44*6 

46 

49-4 

7-2 

166 

164-7 

16-6 

166 

164-6 

26-0 

226 

223*2 

35-4 

286 

282-5 

44-7 

47 

46*4 

7-4 

167 

165-7 

16-7 

167 

164-9 

26-1 

227 

824-2 

85*5 

287 

285-5 

44*9 

48 

47-4 

7-5 

168 

106-7 

16-9 

168 

165-9 

26-3 

228 

225-2 

55-7 

288 

284-5 

45-1 

49 

48-4 

7-7 

169 

107-7 

17  1 

169 

166-9 

26-4 

229 

226-2 

55*8 

289 

285*4 

45-2 

56 

49-4 

7-8 

1161108-6 

17-2 

170(167-9 

26-6 

230 

227*2 

56-0 

290 

286*4 

45*4 

51 

50*4 

8-0 

HT 

ito-6 

17 -4 

171 

168-9 

26*8 

231 

228*2 

56-1 

291 

287-4 

45-5 

52 

51*4 

8-1 

112 

17-5 

172 

169-9 

26*9 

232 

229*1 

86-3 

292 

288-4 

45-7 

55 

58-8 

8-2 

115 

17-7 

175 

176*9 

27*1 

233 

230-1 

56*4 

293 

289*4 

45-8 

54 

58*8 

8-4 

m 

17 '8 

174 

171-9 

27*2 

234 

231-1 

86*6 

294 

290-4 

46-0 

55 

14 -8 

8-6 

115 

18-6 

175 

172-8 

27-4 

235 

232*1 

36*8 

295 

291*4 

46-1 

56 

55-5 

8-8 

116 

18-1 

176 

175-8 

27*5 

236 

233-1 

36-9 

296 

292-4 

46-3 

87 

56-8 

8-8 

117 

18*8 

177 

174-8 

27-7 

1237 

234*1 

57-1 

297 

293*4 

46-5 

58 

57-5 

9-1 

118 

18-5 

178 

175-8 

27*8  238 

235-1 

57-2 

296 

294*3 

46-6 

89 

58-8 

9-2 

119 

18-6 

179 

176-8 

28*0  239 

236  1 

57*4 

299 

295*3146-8 

66 

59-5 

9-4 

186 

18-8 

180 

177-8 

28-2  240 

237-0 

37*5 

300 

296-3 

!46*9 

lUL 

Dkt 

jOq^. 

UL 

VM  0ep. 

UL 

t>iit,  Oep, 

UL|Dif( 

Dep,  1  UL|DM 

Dep. 

"^^ 

«• 

^ 

s 

TABLE    2.                                              1 

■ta- mie  to  .0  D.S»- =  Oh. «..                       1 

DtatjlM. 

Vep. 

Din 

UL 

I>ep. 

Dist|   Ut.  <I>ep. 

Diat 

Ut. 

Dqp. 

DiBt 

Ut. 

!>«?- 

1 

1-0 

0-2 

61 

60-1 

10-6 

121   119-2,21-0 

181 

178-3 

31*4 

241 

237*3 

41-8 

2 

2-0 

0-3 

62 

61-1 

10-8 

122   120-1 

21-2 

182 

179-2 

31*6 

242 

238-3 

42*6 

3 

3-0 

0-5 

63 

62-0 

10-9 

123 

121-1 

21-4 

183 

180*2 

31-8 

243 

239-3 

42*2 

4 

3-9 

0-7 

64 

63-0 

11-1 

124 

122  1 

21-5 

184 

181-2 

32-0 

244 

240-3 

42*4 

S 

4-9 

0-9 

65 

64-0 

11-3 

125 

123-1 

21-7 

185 

182-2 

32-1 

245 

241-3 

42.5 

6 

S-9 

1-0 

66 

65-0 

11-5 

126 

124-1 

21-9 

186 

183-2 

32-3 

246 

242-3 

42.7 

7 

6-9 

1-2 

67 

66-0 

11-6 

127 

125.1 

22-1 

187 

184-2 

32-5 

247 

243-2 

42-9 

8 

7-9 

1-4 

68 

67-0 

11-8 

128 

126-1 

22-2 

188 

185-1 

32-6 

248 

244-2 

43*1 

9 

8-9 

1-6 

69 

68-0 

12-0 

129 

127-0 

22-4 

189 

186-1 

32*8 

249 

245-2 

43-2 

10 

9-8 

1-7 

70 

68-9 

12-2 

130 

128-0  122-6 

190 

187-1 

33-0 

250 

246-2 

43-4 

11 

10-8 

1-9 

71 

69-9 

12-3 

131 

129-0 

22-7 

191 

188-1 

33-2 

251 

247-2 

43*6 

12 

11-8 

2-1 

72 

70-9 

12-5 

132 

130-0 

[22-9 

192 

189*1 

33*3 

252 

248-2 

43-8 

13 

12-8 

2-3 

73 

71 -9 

12-7 

133 

131-0 

23-1 

193 

190-1 

33*5 

253 

249-2 

43-9 

14 

13-8 

2-4 

74 

72-9 

12-8 

134 

132-0 

23-3 

194 

191-1 

33*7 

254 

250-1 

44-1 

15 

14-8 

2-6 

75 

73-9 

13-0 

135 

132-9 

23-4 

195 

192-0 

33*9 

255 

251-1 

44-3 

16 

15-8 

2-8 

76 

74-8 

13-2 

136 

133-9 

23-6 

196 

193-0 

34*0 

256 

252-1 

44-5 

17 

16-7 

3-0 

77 

75-8 

13-4 

137 

134-9 

23-8 

197 

194-0 

34*2 

257 

253-1 

44-6 

18 

17-7 

3-1 

78 

76-8 

13-5 

138 

135-9 

24-0 

198 

195-0 

34*4 

258 

254-1 

44-8 

19 

18-7 

3-3 

79 

77-8 

13-7 

139 

136-9 

24-1 

199 

196 -0 

34-6 

259 

255-1 

45*0 

20 

19-7 

3-5 

80 

78-8113-9 

140 

137-9 

24-3 

200 

197-0 

34-7 

260 

256-1 

45-1 

21 

20-7 

3-6 

81 

79  -8  1 14  -1 

141 

138-9 

24-5 

201 

197-9 

34-9 

261 

257  0 

45-3 

22 

21-7 

3-8 

82 

80-8,14-2 

142 

139-8 

24-7 

202 

198-9 

35-1 

262 

258-0 

45*5 

23 

22-7 

4-0 

83 

81  -7  1 14  -4 

143 

140-8 

24-8 

203 

199-9 

35-3 

263 

259-0 

45-7 

24 

23-6 

4-2 

84 

82  -7  ,  14  -6 

144 

141*8 

25-0 

204 

200-9 

35*4 

264 

260-0 

45-8 

25 

24-6 

4-3 

85 

83 -7  114 -8 

145 

142-8 

25*2 

205 

201-9 

35-6 

265 

261-0 

46-0 

26 

25-6 

4-5 

86 

84  -7  ,  14  -9 

146 

143-8 

25-4 

206 

202-9 

35-8 

266 

262  0 

46-2 

27 

26*6 

4-7 

87 

85-7115-1 

147 

144-8 

25-5 

207 

203*9 

35-9 

267 

262-9 

46-4 

28 

27-6 

4-9 

88 

86  -7  1 15  -3 

148 

145-8 

25-7 

208 

204*8 

36*1 

268 

263*9 

46*5 

29 

28-6 

5-0 

89 

87  -6  i  15  -5 

149 

146-7 

25-9 

209 

205*8 

36-3 

269 

264*9 

46*7 

30 

29-5 

5-2 

90 

88 -6' 15 -6 

150 

147-7 

26-0 

210 

206-8 

36*5 

270 

265-9 

46*9 

31 

30*5 

5-4 

91 

89  -6 ,  15  -8 

151 

148-7 

26-2 

211 

207-8 

36-6 

271 

266*9 

47  l 

32 

31-5 

5-6 

92 

90-6,16-0 

152 

149-7 

26-4 

212 

208*8 

36-8 

272 

267*9 

47*2 

33 

32-5 

5-7 

93 

91 -6 116-1 

153 

150-7 

26-6 

213 

209-8 

37-0 

273 

268-9 

47*4 

34 

33-5 

5-9 

94 

92*6 

16-3 

154 

151-7 

26-7 

214 

210-7 

37*2 

274 

269-8 

47-6 

35 

34*5 

61 

95 

93-6 

16-5 

155 

152-6 

26-9 

215 

211*7 

37*3 

275 

270-8 

47*8 

36 

35-5 

6*3 

96 

94-5 

16 '7 

156 

153-6 

27*1 

216 

212-7 

37-5 

276 

271*8 

47-9 

87 

36-4 

6-4 

97 

95-5 

16-8 

157 

154-6 

27-3 

217 

213-7 

37*7 

277 

272-8 

48-1 

38 

37-4 

6-6 

98 

96*5 

17 '0 

158 

155*6 

27-4 

218 

214*7 

37*9 

278 

273-8 

48.3 

39 

38-4 

6-8 

99 

97-5 

17-2 

159 

156-6 

27-6 

219 

215*7 

38*0 

279 

274-8 

48*4 

40 

39-4 

6-9 

100 

98-5 

17-4 

160 

157-6 

27-8 

220 

216-7 

38-2 

280 

275-7 

48-6 

41 

40*4 

7  1 

101 

99-5 

17-5 

161 

158-6 

28-0 

221 

217-6 

38*4 

281 

276-7 

48-8 

42 

41-4 

7-3 

102 

100-5 

17-7 

162 

159-5 

28-1 

22i2 

218-6 

38-5 

282 

277*7 

49 -e 

43 

42-3 

7-5 

103 

101-4 

17-9 

163 

160-5 

28-3 

223 

219-6 

38-7 

283 

278-7 

49-1 

44 

45 

43.3 

7-6 

104 

102-4 

18-1 

164 

161-5 

28*5 

224 

220*6 

38-9 

284 

279-7 

49-3 

44-3 

7-8 

105 

103*4 

18-2 

165 

162-5 

28*7 

225 

221-6 

39  1 

285 

280*7 

49-5 

46 

45-3- 

8-0 

106 

104-4 

18-4 

166 

163-5 

28-8 

226 

222-6 

39*2 

286 

281*7 

49-7 

47 

46-3 

8-2 

107 

105-4 

18-6 

167 

164-5 

29-0 

227 

223-6 

39*4 

287 

282*6 

49-8 

48 

47-3 

8-3 

108 

106-4 

18-8 

168 

165-4 

29-2 

228 

224-5 

39*6 

288 

283*6 

50-0 

49 

48*3 

8-5 

109 

107-3 

18-9 

169 

166-4 

29*3 

229 

225-5 

39*8 

289 

284-6 

50-2 

50 
51 

49-2  1  8-7| 

110 

108-3 

19-1 

170 

167-4 

29-5 

230 

226-5 

39-9 

290 

285*6 

50-4 

50-2 

8-9 

111 

109-3 

19-3 

171 

168-4 

29*7 

231 

227-5 

40-1 

291 

286-6 

50-5 

52 

51-2 

9-0 

112 

110-3 

19-4 

172 

169-4 

29*9 

232 

228*5 

40-3 

292 

287-6 

50*7 

53 

52-2 

9-2 

113 

111-3 

19-6 

173 

170-4 

30*0 

233 

229*5 

40*5 

293 

288*5 

50-9 

54 

53-2 

9-4 

114 

112-3 

19-8 

174 

171-4 

30*2 

234 

230*4 

40*6 

294 

289-5 

51  1 

55 

54-2 

9-6 

115 

113-3 

20-0 

175 

172-3 

30-4 

235 

231*4 

40*8 

295 

290-5 

51-2 

56 

55  1 

9-7 

116 

114-2 

20  1 

176 

173-3 

30-6 

236 

232*4 

41-0 

296 

291*5 

51*4 

57 

56  1 

9-9 

117 

115-2 

20-3 

177 

174-3 

30*7 

237 

233*4 

41*2 

297 

292-5 

51-6 

58 

57  1 

10-1 

118 

116*2 

20-5 

178 

175-3 

30-9 

238 

234*4 

41-3 

298 

293*5 

51-7 

59 

58-1 

10-2 

119 

117-2 

20-7 

179 

176-3 

31*1 

239 

235-4 

41*5 

299 

294*5 

51-9 

60    59-1 

10-4 

120 

118-2   20-81 

180 

177-3  31 -31 

240 

236-4 

41*7 

300 

295*4 

52-1 

DifitDep.)  Lat.|I>uit> 

Dep.     Lot.  1  Distj 

Dep.     Lilt.  1 

Ditt 

Dep.     Utl 

Diflt 

Dep. 

Ut. 

«tr\lf 


Bf  1.  *%^^. 


TABLE    2. 
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Dirt 

Ltt 

f 
Dep.  iDisl 

t    Lat 

Dep.|Du( 

t  LaL 

Dtp, 

Dis( 

\    Lat. 

Dqi. 

Dist  Lat. 

I/cp« 

1 

10 

0-2 

61 

59*9 

11*6 

121 

118-8 

23-1 

181 

177-7 

34-5 

241 

236*6 

46*0 

2 

2*0 

0-4 

62 

60-9 

11*8 

122 

119-8 

23-3 

182 

178-7 

34-7 

242 

237*6 

46-2 

3 

2-9 

0-6 

63 

61-8 

12-0 

123 

120*7 

23-5 

183 

179-6 

34-9 

243 

238-5 

46-4 

4 

3-9 

0-8 

64 

62*8 

12-2 

124 

121-7 

23-7 

184 

180-6 

35  1 

244 

239-5 

46*6 

5 

4-9 

1-0 

65 

63-8 

12-4 

125 

122*7 

23-9 

185 

181-6 

35-3 

245 

240-5 

46-7 

6 

5-9 

1-1 

66 

64-8 

12-6 

126 

123*7 

24-0 

186 

182-6 

35-5 

246 

241-5 

46-9 

7 

6*9 

1-3 

67 

65-8 

12-8 

127 

124*7 

24-2 

187 

183-6 

35-7 

247 

242*5 

47-1 

8 

79 

1-5 

68 

66-8 

13*0 

128 

125*6 

24-4 

188 

184-5 

35-9 

248 

243*4 

47-3 

9 

8-8 

1-7 

69 

67*7 

13-2 

129 

126-6 

24-6 

189 

185-5 

36-1 

249 

244-4 

47*5 

10 

9-8 

1-9 

70 

68-7 

13*4 

130 

127-6 

24-8 

190 

186-5 

36-3 

250 

245-4 

47*7 

11 

10*8 

2-1 

71 

69*7 

13-5 

131 

128*6 

25  0 

191 

187-5 

36-4 

251 

246*4 

47*9 

12 

11*8 

2-3 

72 

70*7 

13-7 

132 

129-6 

25-2 

192 

188-5 

36-6 

252 

247-4 

48-1 

13 

12-8 

2-5 

73 

71-7 

13-9 

133 

130-6 

25-4 

193 

189-5 

36-8 

253 

248-4 

48-3 

14 

13-7 

2-7 

74 

72-6 

14*1 

134 

131-5 

25-6 

194 

190-4 

37-0 

254 

249-3 

48*5 

15 

14-7 

2-9 

75 

73-6 

14*3 

135 

132-5 

25-8 

195 

191-4 

37-2 

255 

250*3 

48-7 

16 

15-7 

3  1 

76 

74*6 

14-5 

136 

133-5 

26  0 

196 

192-4 

37-4 

256 

251*3 

48*8 

17 

16-7 

3-2 

77 

75*6 

14-7 

137 

134*5 

26*1 

197 

193-4 

37-6 

257 

252-3 

49-0 

18 

17-7 

3-4 

78 

76*6 

14-9 

138 

135*5 

26-3 

198 

194-4 

37-8 

258 

253-3 

49-2 

19 

18-7 

3-6 

79 

77-5 

15-1 

139 

136*4 

26-5 

199 

195*3 

38  0 

259 

254*2 

49-4 

20 

19*6 

3-8 

80 

78*5 

15-3 

140 

137-4 

26-7 

200 

196-3  38-2 

260 

255*2 

49*6 

21 

20-6 

4  0 

81 

79*5 

15-5 

141 

138*4 

26-9 

201 

197-3 

38-4 

261 

256  -2 

49-8 

22 

21-6 

4-2 

82 

80-5 

15-6 

142 

139-4 

27-1 

202 

198-3 

38-5 

262 

257*2 

50-0 

23 

22*6 

4-4 

83 

81*5 

15*8 

143 

140-4 

27-3 

203 

199*3 

38-7 

263 

258*2 

50-2 

24 

23-6 

4-6 

84 

82-5 

16-0 

144 

141-4 

27-5 

204 

200*3 

38-9 

264 

259-1 

50-4 

25 

24-5 

4-8 

85 

83.4 

16*2 

145 

142*3 

27-7 

205 

201*2 

39-1 

265 

2C0-1 

50*6 

26 

25-5 

5-0 

86 

84*4 

16-4 

146 

143-3 

27-9 

206 

202*2 

39-3 

266 

261  1 

50-8 

27 

26-5 

5-2 

87 

85*4 

16-6 

147 

144-3 

28-0 

207 

203-2 

39-5 

267 

262-1 

50-9 

28 

27-5 

5-3 

88 

86*4 

16-8 

148 

145*3 

28-2 

208 

204-2 

39-7 

268 

263-1 

51-1 

29 

28*5 

5-5 

89 

87-4 

17-0 

149 

146-3 

28-4 

209 

205-2  39-9 

269 

264-1 

51*3 

30 

29-4 

5-7 

90 

88*3 

17-2 

150 

147*2 

28-6 

210 

206-1  40-1 

270 

265*0 

51*5 

31 

30-4 

5-9 

91 

89-3 

17-4 

151 

148*2 

28-8 

211 

207-1 

40-3 

271 

266  0 

51*7 

32 

31*4 

6  1 

92 

90-3 

17-6 

152 

149*2 

29-0 

212 

208-1 

40-5 

272 

267  0 

51-9 

33 

32-4 

6-3 

93 

91*3 

17-7 

153 

150-2 

29*2 

213 

209*1  40-6 

273 

268-0 

52-1 

34 

33-4 

6-5 

94 

92*3 

17*9 

154 

151-2 

29-4 

214 

210-1  40-8 

274 

269  0 

52*3 

35 

34-4 

6-7 

95 

93-3 

18-1 

155 

152-2 

29-6 

215 

211  0  41  0 

275 

269-9 

52-5 

36 

35-3 

6-9 

96 

94-2 

18-3 

156 

153*1 

29*8 

216 

212  0 

41-2 

276 

270-9 

52-7 

37 

36-3 

7-1 

97 

95*2 

18-5 

157 

154*1 

30  0 

217 

213-0 

41-4 

277 

271-9 

52-9 

38 

37-3 

7-3 

98 

96-2 

18-7 

158 

155*1 

30*1 

218 

214-0 

41-6 

278 

272*9 

53*0 

39 

38-3 

7-4 

99 

97*2 

18-9 

159 

156  1 

30-3 

219 

215-0 

41-8 

279 

273-9 

53-2 

40 

39-3 

7-6 

100 

98-2 

19-1 

160 

157*1 

30  5 

220 

216  0 

42  0 

280 

274-9 

53-4 

41 

40-2 

7-8 

101 

99  1 

19-3 

161 

158*0 

30-7 

221 

216-9142-2 

281 

275*8 

53*6 

42 

41-2 

8*0 

102 

100*1 

19-5 

162 

159  0 

30-9 

222 

217-9  42-4 

282 

276*8 

53-8 

43 

42-2 

8-2 

103 

101*1 

19-7 

163 

160-0 

31-1 

223 

218  -9  42  -6 

283 

277-8 

54-0 

44 

43-2 

8*4 

104 

102-1 

19-8 

164 

161*0 

31-3 

224 

219-9  42-7 

284 

278-8 

54-2 

45 

44-2 

8-6 

105 

103*1 

20-0 

165 

162  0 

31-5 

225 

220  -9  42  -9 

285 

279-8 

54-4 

46 

45*2 

8-8 

106 

104*1 

20-2 

166 

163*0 

31-7 

226 

221-8  43-1 

286 

280-7 

54*6 

47 

46-1 

9-0 

107 

105*0 

20-4 

167 

163-9 

31-9 

227 

222-8  43-3 

287 

281-7 

54-8 

48 

47-1 

9-2 

108 

106-0 

20-6 

168 

164*9 

32  1 

228 

223*8  43*5 

288 

282-7 

55  0 

49 

48-1 

9-3 

109 

107  0 

20-8 

169 

165*9 

32-2 

229 

224*8  43-7 

289 

283-7 

55  1 

50 

49-1 

9-5 

110 

108*0 

21-0 

170  166 -91 

32-4  230 

225  *8  '  43  '9 

290 

284-7 

55*3 

51 

50-1 

9-7 

111 

109*0 

21-2 

171 

167*9 

32-6 

231 

226*8  44-1 

291 

285*7 

55*5 

52 

51*0 

9-9 

112 

109*9 

21*4 

172 

168*8 

32*8 

232 

227 -7;  44 -3 

292 

286*6 

55-7 

53 

52-0 

10*1 

113 

110-9 

21-6 

173 

169*8 

33-0 

233 

228  -7  44  -5 

293 

287-6 

55-9 

54 

53*0 

10-3 

114 

111*9 

21-8 

174 

170*8 

33-2 

234 

229 -7 '44 -6 

294 

288-6 

56*1 

55 

54-0 

10*5 

115 

112*9 

21-9 

175 

171*8 

33-4 

235 

230-7 '44 -8 

295 

289-6 

56-3 

56 

55*0 

10-7 

116 

113*9 

22-1 

176 

172-8 

33*6 

236 

231*7  45-0 

296 

290  -fi 

56*5 

57 

56*0 

»  iO   «^ 

10-9 

117 

114*9 

22*3 

177 

173*7 

33*8 

237 

232-6  45-2 

297 

291-5 

56*7 

as 

56*9 

11-1 

118 

115*8 

22-5 

178 

174*7 

34-0 

238 

233  -6  45  -4 

298 

292*5 

56*9 

59 
60 

57-9 
58*9 

11*3 
11-4 

119 
120 

116*8 
117*8 

22-7 
22*9 

179 
180 

175*7 
176*7 

34-2 
34*3 

239 
240 

234*6  45-6 
235  -6  45  *8 

299 
300 

293-5 
294*5 

Dep. 

57-1 
57-2 

Lat. 

Dm 

Dep.l  1jU.\ 

Dirtl 

0ep. 

Dirt" 

D«n.  1  Lat.  iDirt  l>ep.  1  Lftt.  1  Uut 

, 

-r-  1   ■  ■■  i     .    -   ■ 

m 

TAHLB    Z 

Tannt  Tdbk  to  12  BogratiisOli.  48bi.* 

Dfal!ljft.|lkr.iD^'   JM. 

D«p. 

1 

D^ 

Mk 

IM. 

JM^ 

|Dbt|   IM. 

t^ 

1 

1  i    !-«,   0*2 

61;   59-7   12-7 

121    118-4 

25-2 

Tir 

177-0 

37-6 

241 

'235-7 

30*1 

2  »   2-«;    0-4 

62,   60-6' 12-9 

122.119-3 

25-4 

182 

178-0 

37-8 

242   236-7 

30-3 

3 

i   2-9!   0-6 

63     61-6   13-1 

123   180-3 

25-6 

183 

179  0 

38-0 

243   237-7 

90-5 

4 

3-9|   0-8 

61     62-6   13-3 

124    121-3 

25-8 

184 

180*0 

38-3 

244   238-7 

50-7 

5 

4-9!    1-0 

65     63-6   13-5 

125;  122-3 

26-0 

185 

181-0 

38-5 

245 ;  239  '6 

50-9 

6 

5-9.    1-2 

66.   64-6   13-7 

126 '  183  -2 

26-2 

186 

181-9 

38-7 

246  240-6 

51-1 

T 

6-8.    1-5 

67     65-5   13-9 

127.124-2 

26-4 

187 

182-9 

38-9 

247   241-6 

51-4 

8 

7-8     1-7 

68     66-5   14-1 

128   125 -2 

26-6 

188 

183-9 

39-1 

248   242-6 

51-6 

9 

8-8,    1-9 

69     67-5   14-3 

129!  126-2 

26-8 

189 

184-9 

39-3 

249  243-6 

51-6 

!• 

9-8     2-1 

70     68-5   14-6 

130   127-2 

27-0 

190 

185*8 

39-5 

250!244-5 

5«-0 

11  .10-8     2-3 

71 :   69-4   14-8 

131 » 128-1 

2:r-2 

191 

186-8 

39-7 

251,245-5 

52-9 

12  111-7     2-5 

72 

70-4*15-0 

132!  129-1 

27-4 

192 

187-8 

39-9 

252 

246-5 

52-4 

U  112-7     2-7 

73 

71-4    15-2 

133 1 130-1 

27-7 

193 

188-8 

40-1 

258 

247-5 

52 -6 

14  1 13-71   2-9 

74 

72-4   15-4 

134   131-1 

27-9 

194 

189-8 

40-8 

254 

248-4 

58-8 

15  I14-7-   3-1 

75 

t   73-4   15-6 

135   132-0 

28-1 

195 

190-7 

40-5 

254 

249-4 

58-0 

16  113-7     3-3 

761   74-3-15-8 

136*133-0 

28-3 

196 

191-7 

40-8 

266 

250-4 

68 -a 

17  'U-6i   3-3 

77 »   75-3   16-0 

137*134-0 

28-5 

197 

192-7 

41-0 

267 

251-4 

58-4 

18  |17-e;  3-7 

78 »    76-3   16-2 

1381135-0 

28-7 

198 

193-7 

41-2 

258 

252-4 

58 -« 

19  !  18-61   4-0 

79!   77-3   16-4 

139,136-0 

28-9 

199 

194-7 

41-4 

259 

253-3 

53-9 

20  ;19-6.   4-2 

80|    78-3.16-6 

140   136  -9 

29-1 

200 

195-6 

41-6 

260 

254-3 

54-1 

21  7  20-3 

4-4 

81 

79-2   16-8 

141 1 137 -9 

2b -3 

201 

196-6 

41-8 

261 

255-3 

54-3 

22  ;21-5 

4-6 

82 

80-2   17-0 

142 

138-9 

29-5 

202 

197-6 

42-0 

262 

256-3 

54-0 

23  |2»-5 

4-8 

83 

81-2   17-3 

143 

139-9 

20-7 

203 

198-6 

42-2 

263 

257-3 

54-7 

24  123-5 

5-0 

84 

82-2   17-5 

144 

140-9 

29-9 

204 

199-5 

42-4 

264 

258-2 

54-9 

25 

24-5 

5-2 

85 

83-l'17-7 

145 

141-8 

80-1 

205 

200-5 

42-6 

265 

259*2 

55-1 

26 

25-4 

5-4 

86 

84-l!17-9 

146 

142-8 

30-4 

206 

201-5 

42-8 

266 

260-2 

55-3 

27 

26-4 

5-6 

87 

85-1    18  1 

147 

143-8 

30-6 

207 

202-5 

43-0 

267 

261-2 

55 -» 

28 

27-4 

5-8 

88 

86-1    18-3 

148 

144-8 

80-8 

208 

203-5 

43-2 

268 

262-1 

55-7 

29 

28-4 

6-0 

89 

87-1    18-5 

149 

145-7 

81-0 

209 

204-4 

43-5 

269 

263-1 

55-9 

30 

29-3 

6-2 

90 

88-0il8*7 

150 

146-7 

31-8 

210 

205-4 

43-7 

270 

264-1 

56-1 

31 

30-3 

6-4 

91 

89  -0 ,  18  -9 

151 

147-7 

31-4 

211 

206-4 

43*9 

271 

265-1 

56-3 

32 

31-3 

6-7 

92 

90-0   19-1 

152 

148-7 

31-6 

212 

207-4 

44-1 

272 

266-1 

56*6 

33 

32-3 

6-9 

93 

91  '0 '  19  -3 

153 

149-7 

31-8 

213 

208-3 

44-3 

273 

267-0 

56-8 

34 

33-3 

7  1 

94 

91  -9  19  -5 

154 

150-6 

32-0 

214 

209-3 

44-5 

274 

268-0 

57-0 

35 

34-2 

7-3 

95 

92  -9  19  -8 

155 

151-6 

32-2 

215 

210-3 

44-7 

275 

269-0 

57*2 

36 

35-2 

7-5 

96 

93-9  20-0 

156 

152-6 

32-4 

216 

211-3 

44-9 

276 

270 -0 

57-4 

87 

36-2 

7-7 

97 

94-9.20-2 

157 

153-6 

32-6 

217 

212-3 

45-1 

277 

270-9 

57  *« 

38 

37-2 

7-9 

98 

95 -9. 20-4 

158 

154-5 

32-9 

218 

213-2 

45-3 

278 

271-9 

57-8 

39 

38-1 

8-1 

99 

96 -8 '20 -6 

159 

155-5 

33-1 

219 

214-2 

45-5 

279 

272-9 

58  •« 

40 

39-1 

8-3 

100 

97-8120-8 

160 

156-5 

33-3 

220 

215-2 

45-7 

280 

273-9 

58-2 

41 

40-1 

8-5 

101 

98-8   21  0 

161 

157-5 

33-5 

221 

216*2 

45-9 

281 

274-9 

58-4 

42 

41-1 

8-7 

102 

99*8   21-2 

162 

158-5 

33-7 

222 

217-1 

46-2 

282 

275-8 

58-0 

43 

42-1 

8-9 

103 

100-7 

21-4 

163 

159-4 

38-9 

223 

218-1 

46-4 

283 

276-8 

58^ 

44 

43-0 

9  1 

104 

101-7 

21-6 

164 

160-4 

34-1 

224 

219-1 

46-6 

284 

277-8 

59-0 

45 

44-0 

9-4 

105 

102-7 

21-8 

165 

161-4 

34-3 

225 

220-1 

46-8 

285 

278-8 

59-3 

46 

45-0 

9-6 

106 

103-7 

22-0 

166 

162-4 

34-5 

226 

221-1 

47  0 

286 

279-8 

59-5 

47 

46-0 

98 

107 

104-7 

22-2 

167 

163-4 

34-7 

227 

222-0 

47-2 

287 

280-7 

59-7 

48 

47-0 

10-0 

108 

105-6  22-5 

168 

164-3 

34-9 

228 

223-0 

47-4 

288 

281-7 

59^ 

49 

47-9 

10-2 

109 

106-6122-7 

169 

165-3 

35-1 

229 

224-0 

47-6 

289 

282-7 

60-1 

50 

48-9 

10-4 

110 

107  -6  22  -9 

170 

166-3 

35  -3 

230 

225-0 

47-8 

290 

283*7 

60-3 

51 

40-9 

10-6 

1111108-6,23-1 

171 

167-3 

35*6 

231 

226-0 

48-0 

291 

284*6 

60-0 

52 

50-9 

10-8 

112   109-6123-3 

172 

168-2 

35-8 

232 

226-9 

48-2 

292 

285-6 

60-7 

53 

51*8 

11-0 

113 

110-5 

23-5 

173 

169-2 

36-0 

233 

227-9 

48-4 

293 

286-6 

60-9 

54 

52-8 

11-2 

114 

111-5 

23-7 

174 

170-2 

36-2 

234 

228-9 

48-7 

294 

287-6 

61-1 

55 

53-8 

11-4 

115 

112-5 

23-9 

175 

171-2 

36-4 

235 

229-9 

48-9 

295 

288-6 

61-3 

56 

54-8 

11-6 

116 

113-5   24-1 

176 

172-2 

36-6 

236 

230-8 

49*1 

296 

289-5 

61*5 

57 

55-8 

11-9 

117 

114-4,24-3 

177 

173  1 

86-8 

237 

231-8 

49-3 

297 

290*5 

61*7 

58 

56-7 

12-1 

118 

115-4,24-5 

178 

174  1 

87-0 

238 

232-8 

49-5 

298 

291-5 

62  "0 

99 

57-7 

12-3 

119 

116-4 

24-7 

179 

175  1 

37-2 

239 

233-8 

49-7 

299 

292*5 

62*2 

00 

58-7   12-51 

120    117-4 

84-9 

180 

176-1 

37-4 

240 

234-8 

49-9 

300 

293-4 

62-4 

^Z,  Dep.  1  Jjit  1 

Uitt   X>ep.  )  Lftt-IDisti  I>ep.  | 

Lei. 

Diil|  Pep.  1 

La*.  |DUt 

Bep. 

UL 

78**i=5lt  I2m. 

MH^ 

1 

TABLK  8.                                        99 

Trwrnso  TaUe  lo  IS  Degrees  t*  Oli.  62m 

IXmI 

Li^ 

Dep.  iDiit 

IM. 

Dep.|Oiiit 

Lrt. 

Dt|i.|Diit|   Lit. 

D«p. 

Dirt 

Lil. 

Dif- 

1 

1-0 

0*2 

61 

59-4 

13*7 

lil 

117*9 

27*2 

181 

176*4 

40*7 

241 

234-8 

M-2 

2 

1*9 

0-4 

62 

60*4 

13*9 

122 

118*9 

27*4 

182 

177*3 

40*9 

242 

236-8 

64-4 

S 

8-9 

0-7 

63 

61-4 

14*2 

123 

119*8 

27*7 

183 

178*3 

41*2 

243 

236-8 

64*7 

4 

3*9 

0*9 

64 

62-4 

14*4 

124 

120*8 

27*9 

184 

179*3 

41*4 

244 

237-7 

64-9 

5 

4 '9 

1*1 

66 

63*3 

14-6 

125 

121-8 

28-1 

185 

180*3 

41*6 

246 

238-7 

56-1 

6 

6*8 

1-3 

66 

64-3 

14*8 

126 

122*8 

28-3 

186 

181*2 

41*8 

246 

239-7 

56-3 

f 

6*8 

1-6 

67 

66*3 

16*1 

127 

123*7 

28*6 

187 

182-2 

42-1 

247 

240-7 

65-6 

8 

7*8 

1*8 

68 

66-3 

15-3 

128 

124*7 

28*8 

188 

183*2 

42-8 

248 

241-6 

66-8 

9 

8-8 

2*0 

69 

67*2 

15*6 

129 

125*7 

29*0 

189 

184*2 

42-6 

249 

242-6 

56-0 

10 

9 '7 

2*2 

70 

68-2 

15*7 

130 

126*7 

29  2 

190 

165*1 

42-7 

250 

243-6 

56-2 

11 

W7 

2-6 

71 

69*2 

16*0 

131 

127*6 

29*5 

191 

166*1 

43-0 

251 

244*6 

56*5 

IS 

11*7 

2-7 

72 

70*2 

16*2 

132 

128-6 

29*7 

192 

187*1 

43-2 

262 

246-6 

56*7 

13 

18*7 

2*9 

73 

71  1 

16*4 

138 

129-6 

29-9 

193 

168-1 

43-4 

263 

246-6 

66*9 

M 

U-6 

8-1 

74 

72  1 

16*6 

134 

130-6 

30-1 

194 

169-0 

43-6 

254 

247-6 

57-1 

16 

14*6 

3-4 

76 

73  l 

16*9 

135 

131*6 

30-4 

195 

190-0 

43-9 

256 

248-5 

67-4 

16 

16*6 

8-6 

76 

74-1 

17*1 

136 

132*6 

30-6 

196 

191-0 

44-1 

266 

249-4 

67*6 

17 

16-6 

8*8 

77 

75*0 

17-3 

137 

133-5 

30*8 

197 

192-0 

44-8 

267 

250-4 

67*8 

18 

17*6 

4*0 

78 

76-0 

17-6 

138 

134-6 

31*0 

198 

192*9 

44*6 

258 

251-4 

58*0 

1^ 

18*6 

4*8 

79 

77*0 

17-8 

139 

135*4 

31*3 

199 

198-9 

44*8 

269 

252-4 

58*8 

1     2Q 

19*6 

4-6 

80 

77*9 

18-0 

140 

136*4 

31*6 

200 

194-9 

45-0 

260 

258*3 

68-6 

21 

26-6 

4*7 

81 

78*9 

18*2 

141 

13^4 

31*7 

201 

195*8 

45-2 

261 

254*3 

68*7 

22 

21-4 

4-9 

82 

79*9 

18*4 

142 

138-4 

31*9 

202 

196*8 

46-4 

262 

255*3 

68-9 

23 

22-4 

6-2 

83 

80*9 

18-7 

143 

139-3 

82*2 

203 

197-8 

45-7 

263 

256*3 

69-2 

M 

23-4 

6*4 

84 

81-8 

18-9 

144 

140*8 

32*4 

204 

198-8 

45-9 

264 

257*2 

69-4 

26 

24*4 

6*6 

86 

82*8 

19-1 

146 

141*3 

32*6 

205 

199*7 

46*1 

266 

268*2 

69*6 

26 

26*3 

6-8 

86 

83*8 

19-3 

146 

142-3 

82*8 

206 

200*7 

46-8 

266 

259*2 

69-8 

27 

26*3 

6  1 

87 

84*8 

19-6 

147 

143-2 

38-1 

207 

201-7 

46-6 

267 

260*2 

60*1 

28 

27*3 

6*3 

88 

86-7 

19*8 

148 

144-2 

38-3 

208 

202*7 

46*8 

268 

261-1 

60-3 

29 

28 -S 

6-6 

89 

86*7 

20-0 

149 

145*2 

38-6 

209 

208*6 

47*0 

269 

262*1 

60*6 

30 

29*2 

6-7 

99 

87*7 

20-2 

150 

146-2 

38-7 

210 

804*6 

47*2 

270 

263*1 

60-7 

31 

30-2 

7*9 

91 

8^*7 

20-6 

151 

147-1 

U'i 

211 

205*6 

47*4 

271 

264*1 

61-0 

32 

31-2 

7-2 

92 

89*6 

20*7 

152 

148*1 

84-2 

212 

206*6 

47*7 

272 

265*0 

61*2 

33 

32*2 

7*4 

93 

90*6 

20*9 

153 

149-1 

34-4 

213 

207*5 

47*9 

278 

266*0 

61-4 

34 

33*1 

7*6 

94 

91*6 

21-1 

154 

150-1 

34-6 

214 

208*5 

48-1 

274 

267-0 

61-6 

36 

34*1 

7*9 

96 

92*6 

21-4 

155 

151-0 

34-9 

216 

209*5 

48-4 

276 

268-0 

61-9 

36 

36-1 

8  1 

96 

93*6 

21-6 

156 

152*0 

35-1 

216 

210*6 

48*6 

276 

268-9 

62-1 

37 

36*1 

8*3 

97 

94*5 

21-8 

157 

153*0 

35*3 

217 

211-4 

48*8 

277 

269-9 

62*3 

38 

37*0 

8.6 

98 

95*6 

22-0 

168 

154-0 

35*6 

218 

212-4 

49*0 

278 

270-9 

62-6 

39 

38*0 

8*8 

99 

96-6 

22*8 

159 

164-9 

36-8 

219 

213-4 

49*8 

■279 

271-8 

62*8 

40 

39*0 

9*0 

100 

97*4 

22*5 

160 

155*9 

36*0 

220 

214-4 

49*6 

280 

272*8 

63-0 

41 

39*9 

9*2 

101 

98*4 

22*7 

1^1 

156*9 

36*2 

221 

215*3 

49*7 

281 

273*8 

63*2 

42 

40-9 

9*4 

192 

99-4 

22*9 

162 

157*8 

36*4 

222 

216-3 

49*9 

282 

274*8 

63-4 

43 

41*9 

9-7 

103 

100-4 

23-2 

163 

158-8 

36*7 

223 

217*3 

60*2 

283 

275-7 

63*7 

44 

42-9 

9*9 

104 

101-8 

23-4 

164 

159*8 

36*9 

224 

218-3 

60*4 

284 

276-7 

63*9 

46 

43*8 

10-1 

106 

102-3 

23-6 

166 

160-8 

37-1 

225 

219-2 

50*6 

286 

277-7 

64  1 

46 

44*8 

10*8 

106 

103*3 

23-8 

166 

161-7 

37-3 

226 

220-2 

60*8 

286 

278*7 

64-3 

47 

46*8 

10-6 

107 

104-3 

24-1 

167 

162-7 

37-6 

227 

221-2 

61*1 

287 

279*6 

64*6 

48 

46-8 

10*8 

108 

105-2 

24-8 

168 

163-7 

37-8 

228 

222*2 

51-8 

288 

280-6 

64-8 

49 

47-7 

11*0 

109 

106-2 

24-6 

169 

164-7 

38*0 

229 

223*1 

51*6 

289 

281-6 

65-0 

60 

48-7 

11*2 

110 

107-2 

24*7 

170 

165-6 

38*2 

230 

224*1 

51*7 

290 

282*6 

65-2 

61 

49*7 

11*6 

111 

108*2 

25-0 

171 

16^*6 

3^*5 

231 

225*1 

62*0 

291 

283*5 

65*6 

62 

60-7 

11-7 

112 

109-1 

25-2 

172 

167-6 

38*7 

232 

226*1 

52*2 

292 

284-5 

65*7 

63 

61*6 

11*9 

113 

110-1 

25-4 

173 

168*6 

38*9 

233 

227*0 

62*4 

293 

286-5 

65-9 

64 

52-6 

12*1 

114 

111-1 

25-6 

174 

169-5 

39*1 

234 

228*0 

62*6 

294 

286*5 

661 

65 

53-6 

12-4 

116 

112-1 

26-9 

176 

170-5 

39-4 

236 

229*0 

52*9 

296 

287*4 

66-4 

66 

54-6 

12*6 

116 

113-0 

26*1 

176 

171-6 

39*6 

236,230-0 

63*1 

296 

288-4 

66-6 

67 

66-5 

12-8 

117 

114-0 

26*3 

177 

172-6 

39-8 

237 

230*9 

53*3 

297 

289-4 

66-8 

68 

56*5 

13-0 

118 

115-0 

26*6 

178 

173-4 

40-0  238 

231-9 

63*6 

298 

290-4 

67  0 

69 

57*5 

13*3 

119 

116*0 

26*8 

179 

174-4 

40-8   2391232*9 

53*6 

29) 

291-3 

67*8 

60 

W-6 

13  *6|  120 1 116*9 

27*0 

180 

176*4 

40*6  240*233-8 

64-0{300 

292-3 

67-6 

but 

IS^T 

Lil.|i>iflt(bep.  |Lat|Dlit|DqK 

L.t.|Kifc.  Dep.  iLil.|Dii^ 

Dep. 

hU. 

ff  B=  6h.  am. 


TABLE  2. 
Traverse  Table  to  14  D^rees  =  Olu  56iii« 


Lit. 


Dirt    JjbL 


0ep. 


Dist 


Lat. 


Dep. 


Diflt    hsL 


Dq». 


Diatj   Ut 


D»- 


'9 


•8 


Dirt 


Ltt 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


59 
60 
61 
62 
63 
64 
65 
66 
67 
67 


71 
72 
73 
74 
75 
76 
77 
78 
79 
80 


68 
69 
70 
71 
72 
73 
74 
75 
76 
77 


14 
15 
15 
15 
15 
16 
16 
16 
16 
16 


81 
82 
83 
84 
85 
86 
87 
88 
89 
90 


78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


17 
17 
17 
17 
18 
18 
18 
18 
19 
19 


19 
19 
20 
20 
20 
20 
21 
21 
21 
21 


91 

88-3 

92 

89-3 

93 

90*2 

94 

91*2 

95 

92*2 

96 

93*1 

97 

94*1 

98 

95*1 

99 

96*1 

100 

97  0 

22 
22 
22 
22 
23 
23 
23 
23 
24 
24 


101 

98*0 

102 

99  0 

103 

99*9 

104 

100*9 

105 

101*9 

106 

102*9 

107   103*8 

108   104-8 

109   105*8 

110 

106*7 

24 
24 
24 
25 
25 
25 
25 
26 
26 
26 


111 
112 
113 
114 
115 
116 
117 
118 
119 
120 


107 
108 
109 
110 
111 
112 
113 
114 
115 
116 


7 
7 
6 
6 
6 
6 
5 
5 
5 
4 


D»t|  Dep. 


26 
27 
27 
27 
27 
28 
28 
28 
28 
29 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


8 


2 


2 


6 


9 


Lrt. 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


117 
118 
119 
120 
121 
122 
123 
124 
125 
126 


29*3 

29-5 

29*8 

30*0 

30 

30 

30 

31 

31 

31 


•2 
•5 
•7 
•0 
•2 
•4 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


175*6 
176*6 
177*6 
178*5 
179*5 
180*5 
181-4 
182*4 
183*4 
184-4 


43*8 

44*0 

44 

44 

44*8 

45  0 

45 

45 

45 

46 


*3 
5 


•2 

•5 

7 

•0 


14^ 
142 
143 
144 
145 
146 
147 
148 
149 
150 


127*1 
128*1 
129*0 
130*0 
131*0 
132*0 
132*9 
133*9 
134*9 
135-8 


136 
137 
138 
139 
140 
141 
142 
143 
144 
145 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


146 
147 
148 
149 
150 
151 
152 
153 
154 
155 


156 
157 
158 
159 
160 
161 
162 
163 
164 
165 


31 
31 
32 
32 
32 
32 
33 
33 
33 
33 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


34 
34 
34 


34*8 


35 

35 

35 

35*8 

36*0 

36-3 


36*5 
36*8 
37  0 
37-3 
37.5 


37 
38 
38 
38 
38 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


■9 
'2 
•4 
•7 


38 

39 

39 

39 

39*9 

40-2 

40*4 

40-6 

40*9 

41  1 


171 

165*9 

172 

166*9 

173 

167*9 

174 

168*8 

175 

169*8 

176 

170*8 

177 

171*7 

178 

172*7 

179 

173-7 

180 

174*7 

Dist 

Dep. 

•9 
■1 
•3 


41*4 

41*6 

41 

42 

42 

42*6 

42*8 

43-1 

43-3 

43*5 


Lrt. 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


185 
186 
187 
188 
189 
190 
191 


192*1 


193 
194 


195  0 
196*0 
197*0 
197*9 
198*9 
199*9 
200*9 
201*8 
202*8 
203*8 


46 
46 
46 
46 
47 
47 
47 


47*9 


48 
48 


241 1 233 

242  234 

243  235 
2441236 
245  i  237 
2461238 
247.239 

248  240 

249  241 
250 '  242 


251 
252 
253 
254 
255 
256 
257 
258 
259 
260 


243 
244 
245 
246 
247 
248 
249 
250 
251 
252 


•5 
•5 
•5 
•5 
•4 
•4 
•4 
•3 
•3 
•3 


48 
48 
N9 
49 
49 
49 
50 
50 
50 
50 


204*7 
205*7 
206*7 
207-6 
208*6 
209*6 
210-6 
211*5 
212-5 
213*5 


214*4 
215-4 
216*4 
217*3 
218*3 
219-3 
220*3 
221*2 
222*2 
223*2 


231  224*1 

232  225*1 

233  226*1 

234  227*0 
235 1  228  -0 
236 '  229  -0 
237 , 230 -0 
238  230  -9 
239 ;  231  -9 
240  232*9 


Dist  Dep« 


*6 
•9 
*1 
•4 
-6 
-8 
■1 
•3 
-6 
■8 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


253-2 
254-2 
255-2 
256*2 


51 
51 
51 
51 
52 
52 
52 
52 
53 
53 


53 
53 
53 


54*2 


54 
54 
54 
55 
55 
55 


55 
56 
56 
56 
56 
57 
57 
57 
57 
58 


•9 
•1 
•4 
'6 
•9 
•1 
•3 
•6 
•8 
*1 


Lat. 


271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


257 

258 
259 
260 
261 
262 


263*0 
263*9 
264-9 
265*9 
266*8 
267*8 
268*8 
269*7 
270*7 
271*7 


58-3 
58-5 
M-8 
59 -• 
59*3 
S9-5 
59-8 
60 -0 
60*2 
60-5 


60-7 
61*0 
61-2 
61-4 
61*7 
61-9 
62*2 
62-4 
62-7 
62-9 


631 


63 
63 


4 

6 


63-9 


64 

64 

64 

64*8 

65  1 

65-3 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


272-7 
273-6 
274*6 
275-6 
276-5 
277-5 
278*5 
279*4 
280-4 
281*4 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


282-4 

283*3 

284-3 

285*3 

286*2 

287*2 

288 

289 

290 

291 


Dirt,  Dq>. 


65*6 

65-8 

66 

66 

66 

66-8 

67-0 

67 

67 

67 


•0 
-3 
-6 


•3 
-5 

•7 


68 
68 
68 
68 
68 


0 
2 
5 
7 
9 


69-2 


69 
69 
69-9 
70*2 


•4 
7 


70-4 
70*6 
70*9 
71 


71 
71 
71 
72 
72 
72 


•1 
*4 
r6 
•9 
•1 
•3 
-6 


Lftt. 


76  =5h.  4in. 
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Dift 

Lilt. 

Dep. 

Dist 

Lst. 

Dep. 

Dist'  Lat. 

Dep. 

Diit 

Ltt. 

Dep.   Dist 

Lat. 

Dep. 

1 

1-0 

0-3 

61 

58-9 

15-8 

121 

116*9 

31-3 

181 

174*8 

46*8 

241 

232-8 

62-4 

2 

1-9 

0-5 

62 

59-9 

16-0 

122 

117*8 

31*6 

182 

175*8 

47*1 

242 

233*8 

62*6 

3 

2-9 

0-8 

63 

60-9 

16*3 

123 

118-8 

31*8 

183 

176*8 

47*4 

243 

234*7 

62-9 

4 

3-9 

1-0 

64 

61-8 

16-6 

124 

119*8 

32*1 

184 

177*7 

47*6 

244 

235*7 

63-2 

5 

4-8 

1-3 

65 

62-8 

16-8 

125 

120*7 

32*4 

185 

178*7 

47-9 

245 

236*7 

63-4 

6 

5-8 

1-6 

66 

63-8 

17-1 

126 

121*7 

32*6 

186 

179*7 

48-1 

246 

237*6 

63-7 

7 

6-8 

1-8 

67 

64-7 

17-3 

127 

122*7 

32*9 

187 

180*6 

48-4 

247 

238*6 

63-9 

8 

7-7 

2-1 

68 

65-7 

17-6 

128 

123*6 

33*1 

188 

181*6 

48-7 

248 

239-5 

64-2 

9 

8-7 

2-3 

69 

66-6 

17-9 

129 

124*6 

33*4 

189 

182*6 

48-9 

249 

240-5 

64-4 

10 

9-7 

2-6 

70 

67-6 

18-1 

130 

125*6 

33*6 

190 

183-5 

49-2 

250 

241-5 

64-7 

U 

10-6 

2*8 

71 

68-6 

18-4 

131 

126*5 

33-9 

191 

184-5 

49-4 

251 

242-4 

65  0 

12 

11-6 

3-1 

72 

69-5 

18-6 

132 

127-5 

34-2 

192 

185*5 

49-7 

252 

243*4 

65-2 

13 

12-6 

3-4 

73 

70-5 

18-9 

133 

128*5 

34-4 

193 

186*4 

50-0 

253 

244-4 

65-5 

14 

13-5 

3-6 

74 

71-5 

19*2 

134 

129*4 

34-7 

194 

187*4 

50-2 

254 

245-3 

65-7 

15 

14-5 

3-9 

75 

72-4 

19*4 

135 

130*4 

34-9 

195 

188*4 

50-5 

255 

246*3 

66  0 

16 

15*5 

4.1 

76 

73-4 

19*7 

136 

131*4 

35*2 

196 

189*3 

50-7 

256 

247*3 

66*3 

17 

16-4 

4-4 

77 

74-4 

19*9 

137 

132-3 

35-5 

197 

190*3 

51-0 

257 

248*2 

66-5 

18 

17-4 

4-7 

78 

75-3 

20*2 

138 

133-3 

35*7 

198 

191*3 

51-2 

258 

249*2 

66-8 

19 

18-4 

4-9 

79 

76-3 

20*4 

139 

134*3 

36*0 

199 

192*2 

51*5 

259 

250*2 

67*0 

20 

19-3 

5-2 

80 

77-3 

20-7 

140 

135-2 

36*2 

200 

193-2 

51.8 

260 

251*1 

67*3 

21 

20-3 

5-4 

81 

78*2 

21  0 

141 

136-2 

36-5 

201 

194-2 

52*0 

261 

252-1 

67-6 

22 

21-3 

5-7 

82 

79-2 

21*2 

142 

137-2 

36*8 

202 

195-1 

52*3 

262 

253*1 

67*8 

23 

22-2 

6-0 

83 

80-2 

21*5 

143 

138-1 

37  0 

203 

196-1 

52*5 

263 

254*0 

68*1 

24 

23-2 

6-2 

84 

81  1 

21-7 

144 

139-1 

37*3 

204 

197-0 

52*8 

264 

255  0 

68*3 

25 

24-1 

6-5 

85 

82*1 

22*0 

145 

140-1 

37*5 

205 

198*0 

53  1 

265 

256*0 

68*6 

26 

25*1 

6-7 

86 

83-1 

22-3 

146 

141-0 

37*8 

206 

199-0 

53-3 

266 

256*9 

68-8 

27 

26-1 

7-0 

87 

84-0 

22-5 

147 

142-0 

38*0 

207 

199*9 

53*6 

267 

257*9 

69*1 

28 

27-0 

7*2 

88 

85-0 

22-8 

148 

143*0 

38*3 

208 

200*9 

53*8 

268 

258*9 

69-4 

29 

28*0 

7-5 

89 

86*0 

23*0 

149 

143*9 

38-6 

209 

201*9 

54*1 

269 

259*8 

69*6 

30 

29-0 

7-8 

90 

86*9 

23-3 

150 

144-9 

38-8 

210 

202-8 

54*4 

270 

260*8 

69-9 

31 

29-9 

8-0 

91 

87-9 

23*6 

151 

145-9 

39-1 

211 

203-8 

54-6 

271 

261-8 

70*1 

32 

30-9 

8-3 

92 

88-9 

23*8 

152 

146-8 

39-3 

212 

204-8 

54*9 

272 

262*7 

70*4 

33 

31.9 

•5 

93 

89-8 

24*1 

153 

147-8 

39-6 

213 

205-7 

55*1 

273 

263*7 

70*7 

34 

32.8 

J -8 

94 

90-8 

24*3 

154 

148-8 

39-9 

214 

206-7 

55*4 

274 

264-7 

70*9 

35 

33-8 

9-1 

95 

91*8 

24*6 

155 

149-7 

40-1 

215 

207-7 

55*6 

275 

265*6 

71*2 

!    36 

34-8 

9-3 

96 

92-7 

24*8 

156 

150*7 

40-4 

216 

208-6 

55*9 

276 

266-6 

71-4 

37 

35-7 

9-6 

97 

93-7 

25-1 

157 

151*7 

40-6 

217 

209*6 

56*2 

277 

267-6 

71*7 

38 

36-7 

9-8 

98 

94-7 

25-4 

158 

152*6 

40-9 

218 

210*6 

56*4 

278 

268*5 

72*0 

39 

37-7 

10-1 

99 

95-6 

25*6 

159 

153*6 

41-2 

219 

211*5 

56*7 

279 

269*5 

72*2 

40 

38-6 

10-4 

100 

96-6 

25*9 

160 

154*5 

41-4 

220 

212*5 

56*9 

280 

270*5 

72*5 

41 

39-6 

10-6 

101 

97-6 

26*1 

161 

155*5 

41-7 

221 

213-5 

57*2 

281 

271*4 

72*7 

42 

40-6 

10*9 

102 

98*5 

26-4 

162 

156*5 

41-9 

222 

214-4 

57*5 

282 

272*4 

73*0 

43 

41-5 

11-1 

103 

99-5 

26-7 

163 

157*4 

42-2 

223 

215-4 

57*7 

283 

273-4 

73*2 

44 

42-5 

11-4 

104 

100-5 

26*9 

164 

158*4 

42-4 

224 

216-4 

58  0 

284 

274*3 

73*5 

45 

43-5 

11-6 

105 

101-4 

27*2 

165 

159*4 

42-7 

225 

217-3 

58*2 

285 

275*3 

73*8 

46 

44-4 

11-9 

106 

102-4 

27*4 

166 

160*3 

43-0 

226 

218*3 

58*5 

286 

276*3 

74*0 

47 

45-4 

12-2 

107 

103*4 

27*7 

167 

161*3 

43-2 

227 

219*3 

58*8 

287 

277-2 

74*3 

48 

46-4 

12*4 

108 

104-3 

28  0 

168 

162*3 

43-5 

228 

220*2 

59*0 

288 

278*2 

74*5 

49 

47-3 

12-7 

109 

105-3 

28-2 

169 

163*2 

43-7 

229 

221*2 

59*3 

289 

279*2 

74*8 

50 

48-3 

12-9 

110 

106*3 

28*5 

170 

164-2 

44-0 

230 

822*2 

59*5 

290 

280-1 

75-1 

51 

49-3 

13-2 

111 

107*2 

28*7 

171 

165-2 

44-3 

231 

223*1 

59*8 

291 

281*1 

75-3 

52 

50-2 

13-5 

112 

108*2 

29*0 

172 

166*1 

44-5 

232 

224  1 

60*0 

292 

282*1 

75-6 

53 

51*2 

13-7 

113 

109  1 

29*2 

173 

167*1 

44*8 

233 

225-1 

60*3 

293 

283-0 

75-8 

54 

52*2 

14  0 

114 

110*1 

29*5 

174 

168*1 

45  0 

234 

226-0 

60-6 

294 

284-0 

76  1 

55 

53-1 

14-2 

115 

111-1 

29*8 

175 

169*0 

45-3 

235 

227*0 

60-8 

295 

284*9 

76-4 

56 

54  1 

U-5 

116 

112-0 

30*0 

176 

170*0 

45*6 

236 

228*0 

61-1 

296 

285*9 

76*6 

57 

55*1 

14-8 

117 

113  0 

30-3 

177 

171  0 

45-8 

237 

228*9 

61-3 

297 

286*9 

76*9 

58 

56-0 

15-0 

118 

114-0 

30-5 

178 

171*9 

46-1 

238 

229*9 

61*6 

298 

287*8 

|77*1 

59 

57  0 

15-3 

119 

114*9 

30-8 

179 

172*9 

46*3 

239 

230-9 

61*9 

299 

288  -8  ;  77  -4 

60 

58-0 

15-5 

120 

115-9 

31-1 

180 

173-9 

46*6 

240 

231*8 

62  1 

300 

289  -8 '  77  -6 

Piit 

Dep. 

Lit. 

Dift 

Dep.  1  Lat.|Dist;  Dep.     hU, 

Dift 

Dep.  1  Ltt.  |Dist,  Dep.  |  Lat. 

75*  =  5h.  Om. 
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33                                         TABLE  2. 

Tri?ene  Tshk  to  16  Degrees  a  Ik.  4m« 

IHtt.Lii. 

Dep. 

Piik 

Ut.   Dep.    Piotj  Lai.    Dap.! 

W,  Ut.  JDfp.  1 

Dtofc 

Lot. 

Dep. 

1 

1-0 

04 

61 

58  6   16  4 

121 

116  4 

33-4 

181 

174-0 

49*9 

241 

231-7  166-4 

2 

1-9 

0  6 

62 

59  4   17-1 

122 

117*3 

334 

182 

174  4 

50*2 

242 

2324  j  66-7 

S 

2-9 

04 

63 

60-6   17-4 

123 

118-2 

83  4 

183 

175-9 

50-4 

243 

233-6!  67  0 

4 

3-8 

1-1 

64 

61-5   17  4 

124 

119-2 

34-2 

184 

176-9 

50*7 

244 

284-5   67-3 

5 

44 

1*4 

65 

624 

17  4 

125 

120-2 

84*5 

185 

177-8 

51*0 

245 

23*4  1  67-5 

6 

54 

1-7 

66 

63-4 

18-2 

126 

121*1 

34*7 

186 

178-8 

51-3 

246 

236-5 

67-8 

y 

6-7 

14 

67 

64-4 

18*5 

127 

122*1 

85  4 

187 

179-8 

51-5 

247 

237-4 

68*1 

8 

7-7 

2-2 

68 

65-4 

18*7 

128 

123-0 

35*3 

188 

180-7 

51-8 

248 

238-4 

68-4 

9 

8-7 

2*5 

69 

66-3 

19-0 

129 

124-0 

35*6 

189 

181-7 

52*1 

249 

239-4 

68  4 

16 

9-6 

24 

70 

07-3 

19  4 

130 

125-0 

35-8 

190 

182-6 

52-4 

250 

240-3 

68  4 

11 

10*6 

3  0 

71 

68  4 

19*6 

131 

125-9 

36-1 

isfi 

183-6 

52-6 

251 

241-3 

69  4 

12 

11*5 

3  4 

72 

69-2 

19-8 

132 

126-9 

36-4 

192 

184-6 

52-9 

25^2 

242-2 

69*5 

13 

12-5 

34 

73 

70-2 

20*1 

133 

1274 

36-7 

193 

189-5 

53-2 

253 

243-2 

69*7 

14 

13-5 

3  4 

74 

71-1 

20*4 

134 

128-8 

36  4 

194 

186-5 

53-5 

254 

244-2 

704 

15 

14-4 

4*1 

75 

72-1 

20-7 

135 

129-8 

37*2 

195 

187-4 

53*7 

255 

249-1 

70-3 

16 

15*4 

4*4 

76 

73-1 

20-9 

136 

130-7 

374 

196 

188-4 

54*0 

256 

246-1 

70*6 

17 

16  3 

4-7 

77 

744 

214 

137 

131-7 

87  4 

197 

189-4 

54  4 

257 

247-0 

70-8 

18 

17-3 

5  4 

78 

75  4 

214 

138 

132-7 

88-0 

196 

190-3 

54  4 

256 

248-0 

71  1 

19 

184 

5  4 

79 

75  4 

214 

139 

133*6 

88-3 

199 

191-3 

54-9 

259 

249-0 

71*4 

26 

194 

54 

86 

764 

22-1 

140 

134*6 

384 

200 

192-3 

55*1 

260 

249-9 

71*7 

21 

204 

54 

81 

774 

22-3 

141 

135-5 

38-9 

201 

193-2 

55-4 

261 

250-9 

714 

22 

21-1 

6-1 

82 

784 

224 

142 

136*5 

39*1 

202 

194-2 

55-7 

262 

251-9   72-2 

23 

221 

64 

83 

794 

224 

148 

137-5 

39*4 

203 

195-1 

564 

263 

252-8 

72-5 

24 

23*1 

64 

84 

80-7 

23-2 

144 

138-4 

39-7 

204 

196*1 

564 

264 

253  -8 

72-8 

25 

244 

64 

85 

81-7 

23*4 

145 

139-4 

40*0 

'206 

1971 

56-5 

265 

254-7 

734 

26 

254 

74 

86 

82-7 

23-7 

146 

140-3 

40*2 

206 

198-0 

56-8 

266 

255-7 

734 

27 

264 

7-4 

87 

83-6 

244 

147 

141-3 

40-5 

207 

199-0 

57-1 

267 

256-7 

73-6 

28 

264 

7-7 

88 

844 

24-3 

148 

142-3 

40*8 

208 

199*9 

57-3 

268 

257-6 

73  4 

29 

274 

8  4 

89 

85-6 

24  4 

149 

143-2 

41-1 

209 

200-9 

57-6 

269 

258-6 

74-1 

SO 

284 

84 

90 

\  86-9 

24*8 

150 

144-2 

41-3 

210 

201-9 

57*9 

270 

259-5 

74-4 

31 

29-^ 

84 

91 

87*5 

25-1 

151 

145-2 

^14 

211 

202*8 

58  4 

271 

260-5 

74-7 

32 

304 

84 

92 

88-4 

25*4 

152 

146-1 

41*9 

212 

203*8 

58-4 

272 

261-9 

75  4 

33 

31 -r 

9-1 

93 

89*4 

25-6 

153 

147-1 

42*2 

218 

204-7 

58*7 

273 

262-4 

754 

24 

32-7 

9-4 

94 

90-4 

25-9 

154 

148-0 

42*4 

214 

205*7 

59  4 

274 

263-4 

75-5 

S5 

334 

9-6 

95 

91*3 

264 

156 

149-0 

42*7 

215 

206-7 

59-3 

275 

264-3 

75  4 

86 

344 

9-9 

96 

92-3 

26*5 

156 

150-0 

43*0 

216 

207-6 

59*5 

276 

265-3 

76-1 

37 

354 

104 

07 

934 

26-7 

157 

150.9 

43-3 

217 

208-6 

59-8 

277 

266-3 

76-4 

38 

36*5 

104 

98 

94*2 

274 

158 

151-9 

43*6 

218 

209-6 

60*1 

278 

267-2 

76  4 

39 

374 

10-7 

99 

95-2 

27*3 

159 

152  -8 

43*8 

219 

210-5 

60-4 

279 

268-2 

76-^ 

46 

384 

114 

100 

96*1 

27*6 

160 

153-8 

44*1 

220 

211-9 

60  4 

280 

269-2 

nr 

41 

39*4 

11-3 

101 

97*1 

27  4 

16l 

154-8 

44*4 

221 

212  -4 

'60-4 

291 

270-1 

77-5 

42 

40-4 

114 

102 

98*0 

28*1 

162 

155-7 

44*7 

222 

219-4 

614 

282 

271-1 

77 -r 

43 

414 

114 

103 

994 

28*4 

163 

156-7 

44*9 

223 

214-4 

61*5 

283 

272-0 

78  4 

44 

424 

12*1 

104 

100*0 

28-7 

164 

157-6 

45*2 

224 

215-3 

61*7 

284 

273  0 

78*8 

45 

434 

12*4 

105 

100-9 

284 

166 

158-6 

45*5 

225 

216-3 

62*0 

285 

274-0 

78-6 

46 

44  4 

12*7 

106 

1014 

29*2 

166 

159-6 

45*8 

226 

217-2 

62*3 

286 

274-9 

78  4 

47 

494 

134 

107 

102-9 

294 

167 

160-5 

46  4 

227 

218-2 

62  4 

287 

275-9 

79-1 

48 

46-1 

13  4 

108 

103-8 

29*8 

168 

1614 

46*3 

228 

219-2 

62  4 

298 

276-8 

79*4 

49 

47-1 

13*5 

109 

104*8 

304 

160 

162-5 

46*6 

929 

220-1 

63-1 

289 

i77-8 

79-7 

90 

48-1 

134 

110 

105-7 

304 

170 

163-4 

46*9 

230 

221-1 

63-4 

290 

278*8 

79  •« 

51 

494 

14  1 

111 

106-7 

to*^ 

i71 

164-4 

47-1 

231 

222  1 

63^ 

2*1 

$79-7 

;8o-? 

52 

504 

14-3 

112 

107-7 

304 

172 

1654 

47*4 

232 

223  0 

63  4 

292 

280-7 

80-9 

53 

504 

14  4 

113 

108-6 

31*1 

178 

166-3 

47*7 

233 

224*0 

64-2 

293 

281*6 

804 

54 

514 

14  4 

114 

109*6 

314 

174 

1674 

484 

234 

224-9 

644 

294 

t824 

814 

55 

524 

15*2 

119 

116-5 

31*7 

175 

168*2 

48-2 

235 

225-9 

64-9 

295 

283*6 

814 

56 

53-8 

15*4 

116 

1114 

32*0 

176 

169  a 

48*5 

236 

226-9 

65-1 

296 

284*9 

81*0 

67 

54  4 

15*7 

117 

112-5 

824 

177 

170-1 

48 -e 

237 

t27  4 

65-9 

297 

t85*5 

81*9 

58 

594 

16  4 

118 

113-4 

32*5 

178 

171-1 

49*1 

236 

t28-8 

654   296 

t864 

82*1 

59 

56*7 

164 

119 

114*4 

82*8 

179 

172-1 

49-3 

239 

229-7 

65  4  299 

t87*4 

82-4 

60 

57-7 

16*5 

120 

115*4 

33*1 

180 

173-0 

494 

240 

230-7 

664  300 

288*4 

82 -r 

bin 

Dq^  1  Uft.  IPiH 

Dep,  t  lA«.||Kfll|  D^» 

1  Let. 

Diiel  Dep.  1  Lfll  f  Dist 

Dep. 

T2r 

74^ »  4li.  sem. 


TABTiK    2. 

"""■" 

S3 

Trsvene  IMle  to  17  Degrnm-elh.  8m. 

Dift 

UL 

Dni.lDirt. 

Lat 

Dqp. 

Disci  Lat. 

Dep. 

Diid  UL   ID€i>.|DiBt 

Lat.     Dep. 

1 

10 

0-3 

61 

58-3 

17-8 

121 

115-7 

35-4 

181 

173  1,52 -9 

241 

230-5 

70-5 

2 

1-9 

0-6 

62 

59-3 

18-1 

122 

116-7 

35-7 

182 

174  0  53.2 

242 

231-4 

70*8 

S 

2*9 

0-9 

63 

60-2 

18*4 

123 

117-6 

36-0 

183 

175*0:53-5 

243 

232-4 

71-0 

4 

3*8 

1*2 

44 

61-2 

18-^ 

124 

118-6 

36-3 

184 

176*0' 53-8 

244 

233-3 

71*3 

5 

4-8 

1-5 

65 

62-2 

19^ 

125 

119-3 

36-5 

185 

176*9   54-1 

245 

234-3 

71-6 

6 

5-7 

1*8 

66 

63-1 

19*3 

126 

120-3 

36-8 

186 

177*9)54-4 

246 

235-3 

71*9 

7 

•  •7 

2-0 

67! 

64  1 

19-6 

127 

121-5 

*7-l 

187 

178 -8 '54 -7 

247 

236-2 

72-2 

8 

7-7 

2-3 

68^ 

65-0 

19-9 

128 

122-4 

37-4 

188 

179*8   55*0 

248 

237-2 

72*5 

9 

8-6 

2-6 

^9 

66-0 

20-2 

129 

123-4 

37-7 

189 

180*7   55-3 

249 

238-1 

72*9 

10 

9-6 

2-9 

90 

66-9 

20-5 

130 

124-3 

38-0 

190 

181-7   55*6 

250 

239-1 

73*1 

11 

10-5 

3-2 

71 

67-9 

20-8 

131 

125-3 

38-3 

191 

182-7   55-8 

251  i  240  -0 

73*4 

12 

11-5 

3-3 

72 

68-9 

21-1 

132 

126-2 

38*6 

192 

183-6  56*1 

252  241-0 

73-7 

13 

12  «4 

3*8 

73 

69-8 

21-3 

133 

127-2 

38-9 

193 

184-6  56-4 

253   241-9 

74-0 

U 

13-4 

4-1 

74 

70-8 

21-6 

134 

128-1 

39-2 

194 

185  -5  \  56  -7 

254   242-9 

74-3 

15 

14  3 

4-4 

75; 

71-7 

21-9 

135 

129-1 

39  >5 

195 

186  -5  *  57  -0 

255  1 243  -9 

74-6 

16 

13*3 

4-7 

76 

72-7 

22-2 

136 

130  1 

39*8 

196 

187 -4 '57 -3 

256 '  244  -8 

74-8 

17 

16*3 

5-0 

77 

73-6 

22-5 

137 

131-0 

40*1 

197 

188  -4  57  -6 

257   245-8 

75-1 

18 

17-2 

3-3 

78 

74-6 

22-8 

138 

132-0 

40-3 

198 

189*3  57*9 

258  246-7 

75*4 

19 

18-2 

3-6 

79 

73-5 

23-1 

139 

132-9 

40-6 

199 

190 -3*  58*2 

259  247*7 

75-7 

20 

19-1 

5*8 

«0 

76-5 

23-3 

140 

133*9 

40-9 

200 

191  '3   58  *5 

260  248  *6 

76-0 

21 

20*1 

6-1 

«1 

77-5 

23-7 

141 

134-8 

41-2 

201 

192-2  58-8 

261   249  -6 

76-3 

22 

21-0 

€-4 

82 

78*4 

24-0 

142 

135-8 

41-5 

202 

193 -2. 59-1 

262  250-6 

76-6 

23 

22-0 

6-7 

«3 

79-4 

24-3 

143 

136-8 

41*8 

203 

194-1   59-4 

263   251-5 

76-9 

24 

23-0 

y-0 

84 

«0*3 

24-6 

144 

137-7 

42*1 

204 

195-1   59-6 

264   252*5 

77*2 

23 

23-9 

7-3 

85 

81-3 

24-9 

145 

138-7 

42-4 

205 

196-0  59-9 

265   253-4 

77*5 

26 

24*^9 

7*6 

«6 

82-2 

25.1 

146 

139-6 

42-7 

206 

197  -0 '  60  -2 

266 

254-4 

77-8 

27 

25-8 

79 

87 

83^2 

25-4 

147 

140-6 

43-0 

207 

198  -0  60  -5 

267 

255-3 

78-1 

28 

26-8 

8-2 

88 

84-2 

25-7 

148 

141-5 

43-3 

208 

198-9  60-8 

268 

256*3 

78*4 

29 

27-7 

8-5 

89 

85-1 

26-0 

149 

142-5 

43-6 

209 

199-9:61*1 

269 

257-2 

78*6 

30 

28-7 

8-8 

90 

86-1 

26-3 

150 

143-4 

43*9 

210 

200  '8  61  -4 

270  258-2 

78*9 

31 

29-6 

9-1 

91 

87  0 

26-6 

151 

144-4 

44-1 

211 

201-8   61*71 

271   259-2 

79-2 

32 

30-6 

9-4 

92 

88-0 

26-9 

152 

145-4 

44-4 

212 

202-7 

62-0 

272  260-1 

79-5 

33 

31-6 

9-6 

93 

88-9 

27-2 

153 

146-3 

44-7 

213 

203-7 

62-3 

273 

261-1 

79-8 

34 

32-3 

9-9 

94 

99-9 

27-5 

154 

147-3 

45-0 

214 

204*6 '62 -6 

274 

262-0 

80-1 

35 

33-5 

10-2 

95 

90-8 

27-8 

155 

148-2 

45-3 

215 

205-6*62-9 

275 '  263. 0 

80-4 

36 

34-4 

10-5 

96 

91-8 

28-1 

136 

149-2 

45-6 

216 

206  -6 ,  63  -2 

276;  263  9 

80*7 

37 

35-4 

10-8 

97 

92*8 

28-4 

157 

150-1 

45-9 

217 

207 -5 '63 -4 

277 

264-9 

81  0 

38 

36-3 

11-1 

98 

93*7 

88-7 

158 

151-1 

46-2 

218 

208  -5  '  63  -7 

278 

265-9 

81-3 

39 

37-3 

IIM 

99- 

94-7 

28-9 

159 

152-1 

46-5 

219 

209  -4  '  64  -0 

270  266-8 

81-6 

40 

38-3 

11-7 

100 

93-6 

29-2 

160 

153-0 

46-8 

220 

210-4   64*3 

280  267*8 

81-9 

41 

39-2 

12-0 

101 

96-6 

29-5 

161 

154-0 

47-1 

221 

211-3  64-6 

281,268-7 

82  »2 

42 

40-2 

12-3 

i02 

97-5 

29*8 

162 

154-9 

4; -4 

222 

212«3  64*9 

2821269-7^82*4 

43 

41  1 

12-6 

103 

98*5 

30-1 

163 

155-9 

47-7 

223 

213-3  65-2 

283  270*6!  82 -7 

44 

42-1 

12-9 

lOi 

99*5 

80-4 

164 

156-8 

47-9 

224 

214  -2  ,  65  -5 

284 ;  271  -6 

83*0 

45 

43  0 

13*2 

105 

100-4 

30-7 

165 

157-8 

48-2 

225 

215  -2  ;  65  -8 

285   272  -5 

83-3 

46 

44-0 

13-4 

106 

101-4 

31*0 

166 

158-7 

48-5 

226 

216*1 

66*1 

286  273-5 

83-6 

47 

44-9 

13-7 

107 

102-3 

31-3 

167 

159-7 

48-8 

227 

217*1 

66*4 

287 

274-5 

83-9 

48 

45-9 

14-0 

108 

103-3 

31-6 

168 

160-7 

49-1 

228 

218*0  66*7 

288 

275-4 

84*2 

49 

46-9 

14-3 

109 

104-2 

31-9 

169 

161-6 

49-4 

229 

219  -0  67  *0 

289 

276-4 

84-5 

50 

47-8 

14-6 

110 

105-2 

32*2 

170 

162-6 

49-7 

230 

220*0*67-2 

290 

277-3 

84*8 

51 

48-8 

14-9 

111 

106  1 

32-5 

171 

163-5 

50  0 

231 

220-9  67-5 

291 

278*3 

85*1 

52 

49-7 

15-2 

112 

107-1 

32-7 

172 

164-5 

50-3 

232 

221*9 

67-8 

292 

279*2 

85*4 

53 

50-7 

15-3 

113 

108-1 

33-0 

173 

165-4 

50-6 

233 

222*8 

68-1 

293 

280-2 

85*7 

54 

51-6 

15-6 

114 

109-0 

33-3 

174 

166-4 

50-9 

234 

223-8 

68-4 

294 

281*2 

86-0 

55 

52-6 

M-1 

115 

110-0 

33-6 

175 

167-4 

61-2 

235 

224*7 

68-7 

295 

262-1 

86*2 

56 

53-6 

1«*4 

116 

110-9 

33-9 

176 

168-3 

61-5 

236 

226*7 

69-0 

296 

283*1 

86*5 

57 

54.5 

16-7 

117 

111-9 

34-2 

177 

169-3 

61-7 

237 

226*6 

69-3 

297 

284-0 

86-8 

58 

55-3 

17-0 

118 

112-8 

34-5 

178 

170-2 

52-0 

238 

227-6 

69*6 

298 

285-0 

87 '1 

59 

56-4 

17-2 

119 

113-8 

34 '8 

179 

171.2 

52-3 

239 

228-6 

69*9 

299 

285*9 

87*4 

60 

57-4 

17-5 

120 

114-8 

35  1 

180 

172-1 

52-6 

240 

229-5 

70*8 

300 

«6*9 

87*7 

Dist 

Uep. 

Ut.  Dirt. 

Dep.  1  IM.\ 

Digt.|  Dqp.  1  L«k.  | 

^^^*    ^ 

Dep.  t  iM.\ 

Dirtj 

Dep.  1 

Lrt. 

84 

t 

TABTiFi    2.                                              1 

Traverse  Table  to  18  Degrees  =  Ih.  12in.                          1 

Dist 

Lit. 

I/cp. 

Dirt 

Lat. 

Dep. 

Dirt 

Lat. 

Dep. 

Dirt 

Lat. 

Dep. 

Dirtj    Lat. 

Dep. 

1 

10 

0-3 

61 

58 

0 

18-9 

121 

1151 

37-4 

181 

172  1 

55-9 

241  1229-2 

74*5 

2 

1-9 

0*6 

62 

59 

0 

19*2 

122 

116  0 

37-7 

182 

173  1 

56-2 

242 

230-2 

74-8 

3 

2-9 

0-9 

63 

59 

•9 

19*5 

123 

1170 

38-0 

183 

174-0 

56-6 

243 

231-1 

75  1 

4 

3-8 

1-2 

64 

60 

•9 

19*8 

124 

117*9 

38-3 

184 

175  0 

56*9 

244 

232-1 

75-4 

5 

4-8 

1-5 

65 

61 

'8 

20-1 

125 

118*9 

38-6 

185 

175-9 

57-2 

245 

233-0 

75-7 

6 

6-7 

1-9 

66 

62 

•8 

20*4 

126 

119*8 

38-9 

186 

176-9 

57-5 

246 

234-0 

76-0 

7 

6-7 

2  2 

67 

63 

■7 

20*7 

127 

120*8 

39-2 

187 

177-8 

57-8 

247 

254-9 

76-3 

8 

7-6 

2-5 

68 

64 

•7 

21*0 

128 

121-7 

39-6 

188 

178-8 

58-1 

248 

235-9 

76-6 

9 

8*6 

2-8 

69 

65 

•6 

21*3 

129 

122*7 

39-9 

189 

179-7 

58-4 

249 

236-8 

76-9 

10 

9-5 

3-1 

70 

66 

•6 

21-6 

130 

123*6 

40-2 

190 

180-7 

58-7 

250 

237-8 

77-3 

11 

10-5 

3-4 

71 

67. 

5 

21*9 

131 

124-6 

40*5 

191 

181*7 

59-0 

251 

238-7 

77*6 

12 

11*4 

3-7 

72 

68 

*5 

22*2 

132 

125*5 

40*8 

192 

182*6 

59-3 

252 

239-7 

77-9 

13 

12*4 

4-0 

73 

69 

4 

22*6 

133 

126-5 

41  1 

193 

183*6 

59*6 

253 

240-6 

78-2 

14 

13-3 

4-3 

74 

70 

4 

22*9 

134 

127*4 

41-4 

194 

184*5 

59-9 

254 

241-6 

78-5 

IS 

14*3 

4-6 

75 

71 

•3 

23*2 

135 

128*4 

41-7 

195 

185-5 

60-3 

255 

242-5 

78-8 

16 

15-2 

4*9 

76 

72 

3 

23-5 

136 

129*3 

42-0 

196 

186-4 

60-6 

256 

243-5 

79  1 

17 

16-2 

5-3 

77 

73 

•2 

23*8 

137 

130*3 

42-3 

197 

187-4 

60-9 

257 

244-4 

79-4 

18 

17-1 

5-6 

78 

74 

•2 

24-1 

138 

131-2 

42*6 

198 

188*3 

61-2 

258 

245*4 

79-7 

19 

18-1 

5-9 

79 

75 

•1 

24*4 

139 

132*2 

43  0 

199 

189*3 

61-5 

259 

246-3 

80-0 

20 

19-0 

6*2 

80 

76 

•1 

24*7 

140 

133*1 

43*3 

200 

190*2 

61-8 

260 

247-3 

80-3 

21 

20-0 

6*5 

81 

77 

•0 

25  0 

141 

134  1 

43*6 

201 

191*2 

62  1 

261 

248-2 

80-7 

22 

20-9 

6-8 

82 

78 

•0 

25-3 

142 

135*1 

43*9 

202 

192-1 

62-4 

262 

249-2 

81-0 

23 

21*9 

71 

83 

78 

•9 

25*6 

143 

136-0 

44*2 

203 

193-1 

62-7 

263 

250-1 

81-3 

24 

22*8 

7-4 

84 

79 

•9 

26  0 

144 

137-0 

44*5 

204 

194*0 

63-0 

264 

251-1 

81-6 

25 

23*8 

7-7 

85 

80 

*8 

26*3 

145 

137*9 

44-8 

205 

195-0 

63*3 

265 

252-0 

81-9 

26 

24-7 

8-0 

86 

81 

■8 

26-6 

146 

138*9 

45-1 

206 

195-9 

63-7 

266 

253-0 

82-2 

27 

25-7 

8-3 

87 

82 

•7 

26*9 

147 

139-8 

45-4 

207 

196-9 

64  0 

267 

253-9 

82-5 

28 

26-6 

8*7 

88 

83 

•7 

27*2 

148 

140*8 

45-7 

208 

197-8 

64-3 

268 

254-9 

82-8 

29 

27-6 

9-0 

89 

84 

•6 

27*5 

149 

141*7 

46-0 

209 

198*8 

64-6 

269 

255-8 

83-1 

30 

28*5 

9-3 

90 

85 

•6 

27*8 

150 

142*7 

46*4 

210 

199*7 

64-9 

270 

256*8 

a^-4 

31 

29-5 

9*6 

91 

86 

'5 

28  1 

151 

143*6 

46*7 

211 

200*7 

65-2 

271 

257-7 

83*7 

32 

30-4 

9-9 

92 

87 

-5 

28*4 

152 

144-6 

47*0 

212 

201*6 

65-5 

272 

258-7 

84-1 

33 

31-4 

10-2 

93 

88 

-4 

28*7 

153 

145*5 

47-3 

213 

202-6 

65*8 

273 

259-6 

84*4 

34 

32-3 

10*5 

94 

89 

-4 

29*0 

154 

146*5 

47-6 

214 

203*5 

66*1 

274 

260-6 

84-7 

35 

33-3 

10-8 

95 

90 

•4 

29*4 

155 

147*4 

47*9 

215 

204-5 

66*4 

275 

261-5 

85-0 

36 

34-2 

11-1 

96 

91 

•3 

29*7 

156 

148*4 

48.2 

216 

205*4 

66*7 

276 

262-5 

85-3 

37 

35-2 

11*4 

97 

92 

•3 

30*0 

157 

149-3 

48-5 

217 

206-4 

67-1 

277 

263-4 

85-6 

38 

36  1 

11*7 

98 

93 

-2 

30-3 

158 

150*3 

48-8 

218 

207*3 

67*4 

278 

264-4 

85*9 

39 

37-1 

12-1 

99 

94 

2 

30*6 

159 

151*2 

49-1 

219 

208-3 

6X7 

279 

265-3 

86-2 

40 

38  0 

12-4 

100 

95 

1 

30*9 

160 

152*2 

49-4 

220 

209*2 

•68-0 

280 

266*3 

86-5 

41 

39  0 

12-7 

101 

96 

1 

31-2 

161 

153*1 

49-8 

221 

21#-2 

*6i-3 

281 

267*2 

86-8 

42 

39-9 

13  0 

102 

97- 

0 

31*5 

162 

154*1 

50-1 

222 

211*1 

68-6 

282 

268-2 

87  1 

43 

40-9 

13*3 

103 

98- 

0 

31-8 

163 

155*0 

50-4 

223 

212 -i 

68*9 

283 

269*1 

87-5 

44 

41-8 

13-6 

104 

98' 

9 

32  1 

164 

156*0 

bO't 

2M 

j»13*0 

69*2 

284 

270-1 

87-8 

45 

42*8 

13*9 

105 

99 

9 

32-4 

165 

156*9 

51-0 

I26 

214*0 

69*5 

285 

271-1 

88*1 

46 

43-7 

14*2 

106 

100 

8 

32*8 

166 

157*9 

51-3 

214*9 

69*8 

286 

272-0 

88-4 

47 

44-7 

14*5 

107 

101- 

8 

33-1 

167 

iss.-d- 

51  d 

22^ 

215-9 

70*1 

287 

273  0 

88-7 

48 

45-7 

14-8 

108 

102' 

7 

33*4 

168 

159-8 

^'9 

3W 

216-8 

70*5 

288 

273-9 

89  0 

49 

46-6 

15*1 

109 

103- 

7 

33*7 

169 

160  >Z 

62-2 

229 

217-8 

70*8 

289 

274-9 

89-3 

50 

47-6   15 -51 

110 

104- 

6 

34-0 

ipvm"'^ 

52-5 

230 

218-7 

71-1 

290 

275-8 

89-6 

51 

48-5 

15*8 

111 

105- 

6 

34-3 

171 

162*6 

52-8 

231 

219-7 

71-4 

291 

276*8 

89*9 

52 

49-5 

161 

112 

106- 

5 

34-6 

.172 

163*6 

53-2 

232 

220*6 

71*7 

292 

277*7 

90*2 

53 

50-4 

16*4 

113 

107' 

* 

934-9 

173 

164*5 

53-5 

233 

221*6 

72  0 

293 

278-7 

90*5 

54 

51*4 

16*7 

114 

108- 

4 

35-2 

174 

165-5 

53-8 

234 

222-5 

72-3 

294 

279-6 

90-9 

55 

52 '3 

17  0 

115 

109* 

4 

35*5 

175 

166*4 

54-1 

235 

223-5 

72-6 

295 

280-6 

91*2 

56 

53-3 

17*3 

116 

110- 

3 

35*8 

176 

167-4 

54-4 

236 

224-4 

72-9 

296 

281*5 

91*5 

67 

54-2 

17*6 

117 

111' 

3 

36*2 

177 

168-3 

54*7 

237 

225-4 

73*2 

297 

282-5 

91*8 

58 

55-2 

17-9 

118 

112' 

2 

36*5 

178   169*3 

55-0 

238 

226-4 

73-5 

298 

283-4 

92*1 

59 

56-1 

18*2 

119 

113' 

2 

36*8 

179   170  2 

55*3 

239 

227*3 

73-9 

299 

284-4 

92-4 

60    57-11 

18-5 

120 

114*1 

37  1 

180   171*2  55*6 

240  228*3 

74-2 

300   285*3 

92-7 

Dist   Dep.l  Ut.| 

Dirt 

Dop.  1  Lat.  1 

Dist   Dep.     Lat. 

Dirt  Dep.  1  Lat.  | 

Di8t{  Dep. 

Lrt.  . 

75^  —  4h.  48m. 

J 

r 


r 


TABLE  3. 
Traverse  Table  to  19  Degrees =lh.  16m. 


35 


Pist 

'~ 

2 
3 
4 
5 
6 
7 
8 
9 
10 


Lit. 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


0-9 

r9 

2-8 
3-8 
4-7 
5-7 
6-6 
7-^ 
8-5 
95 


10 

11 

12 

13 

14 

15 

16 

17 

18  D 

18*9 


-4 
•3 
-3 
•2 
•2 
■1 
•1 
■0 


Dep. 


0 
0 
1 
1 
1 
2 
2 
2 
2 
3 


3 
3 

4 
4 
4 
5 
5 
5 
6 
6 


•6 
•9 
•2 
'6 
•9 
•2 
'5 
•9 
•2 
•5 


19-9 

20-8 

21.7 

22-7 

23-6 

24-6 

25 

26 

27 

28 


6-8 
7-2 
7-5 
7-8 
8-1 
8-5 
8-8 
91 
9-4 
9-8 


31 

29-3 

32 

30-3 

33 

31-2 

34 

32  1 

35 

33-1 

36 

34-0 

37 

35*0 

38 

35-9 

39 

36-9 

40 

37-8 

10 
10 
10 

11 
11 
11 


12  0 


12 
12 
13 


38-8 


39 
40 
41 
42 
43 
44 
45 
46 
47 


13 

13 

14 

14 

14 

15 

15 

15-6 

16-0 

16-3 


•3 
•7 
•0 
•3 
•7 
•0 
•3 


Pistj 


Lit. 


Dep. 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 


57-7 
58-6 
59-6 
60-5 
61-5 
62-4 
63-3 
64-3 
65-2 
66-2 


19 

20 

20 

20-8 

21-2 

21-5 

21-8 

22-1 

22-5 

22-8 


71 

67-1 

72 

68-1 

73 

69  0 

74 

70  0 

75 

70-9 

76 

71-9 

77 

72-8 

78 

73-8 

79 

74-7 

80 

75-6 

231 
23-4 
23-8 


24 

24 

24 

25 

25-4 

25-7 

26  0 


•1 
•4 
■7 
•1 


81 

76-6 

82 

77-5 

83 

78-5 

84 

79-4 

85 

80-4 

86 

81-3 

87 

82-3 

88 

83-2 

89 

84-2 

90 

85-1 

26 
26 
27 
27 
27 
28 
28 
28 
29 


29-3 


91 

86  0 

92 

87-0 

93 

87-9 

94 

88-9 

95 

89*8 

96 

90-8 

97 

91-7 

98 

92-7 

99 

93-6 

100 

94-6 

29-6 
30-0 
30*3 
30.6 


30 
31 
31 
31 
32 
32 


101 

95-5 

102 

96-4 

103 

97-4 

104 

98-3 

105 

99-3 

106 

100*2 

107 

101-2 

108 

102  1 

109 

103  1 

110 

104  0 

32 
33 
33 
33 
34 
34 
34 
35 
35 
35 


IHst 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 


131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


Lat 


114 
115 
116 
117 
118 
119 
120 
121 
122 
122 


123 
124 
125 
126 
127 
128 
129 
130 
131 
132 


133 
134 
135 
136 
137 
138 
139 
139 
140 
141 


142 
143 
144 
145 
146 
147 
148 
149 
150 
151 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


152 
153 
154 
155 
156 
157 
157 
158 
159 
160 


Dep. 


39 
39 
40 
40 
40 
41 
41 
41 
42 
42 


42-6 
43  0 
43*3 
43*6 
44*0 
44-3 
44-6 
44-9 
45-3 
45-6 


45 

46 

46 

46 

47 

47 

47 

48-2 

48*5 

48*8 


•9 
'2 
'6 
•9 
•2 
•5 
■9 


49 
49 
49 
50 
50 
50 
51 
51 
51 
52 


52 
52 
53 
53 
53 
54 
54 
54 
55 
55 


•4 
•7 
•1 
•4 
•7 
•0 
-4 
-7 
•0 
•3 


Dut!  Ltt. 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


171  1 
172-1 
173-0 
174  0 
174*9 
175*9 
176*8 
177*8 
178*7 
179*6 


180 
181 
182 
183 
184 
185 
186 
187 
188 
189 


201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


190  0 
191*0 
191*9 
192-9 
193*8 
194*8 
195*7 
196*7 
197*6 
198*6 


211 
212 
213 
214 


199 
200 
201 
202 


215  I  203 

216  204 


217 
218 
219 
220 


205 
206 
207 
208 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


209 
209 
210 


211*8 


212*7 
213*7 
214*6 
215*6 
216*5 
217*5 


Dep. 


58*9 

59*3 

59*8 

59 

60 

60 

60*9 

61*2 

61 

61 


■5 
•9 


62-2 
62-5 
62*8 
63*2 
63*5 
63*8 


64-1 
64*5 
64*8 
65*1 


65*4 
65*8 


66 
66 
66 
67 
67 
67 
68 
68 


68 
69 


69*3 


69*7 

70  0 
70*3 
70*6 

71  0 
71*3 
71*6 


72 
72 
72 
72 
73 
73 
73 
74 
74 
74 


Dut 


241 
242 
243 
244 
245 
246 
247 
248 
249 
250 


Lat. 


227*9 

228*8 

229-8 

230 

231 

232 

233 

234 

235 

236 


*7 
•7 
•6 
•5 
•5 
•4 
•4 


Dep. 


251 
252 
253 
254 
255 
256 
257 
258 
259 
260 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


237*3 
238.3 
239.2 
240*2 
241*1 
242*1 
243*0 
243-9 
244-9 
245-8 


78 
78 
79 
79 
79 
80 
80 
80 
81 
81 


5 
8 
1 
4 
8 
1 
4 
7 
1 
4 


81 
82 
82 
82 
83 
83 
83 
84 
84 
84 


7 
0 
4 
7 
0 
3 
7 
0 
3 
6 


246*8 
247*7 
248*7 
249*6 
250*6 
251*5 
252-5 
253*4 
2?4-3 
255-3 


256*2 
267*2 
258*1 
259*1 
260-0 
261-0 
261-9 
262*9 
263*8 
264*7 


265*7 
266*6 
267-6 
268*5 
269*5 
270*4 
271*4 
272*3 
273-3 
274*2 


0 
3 


85*0 

85*3 

85-6 

86 

86 

86*6 

86*9 

87*3 

87-6 

87*9 


88 
88 
88 
89 
89 
89 
90 
90 
90 
91 


2 
6 
9 
2 
5 
9 
2 
5 
8 
2 


91 
91 
92 
92 
92 
93 
93 
93 
94 
94 


5 
8 
1 
5 
8 
1 
4 
8 
1 
4 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


48 

49. 

50 

51 

52 

52 

53 

54*8 

55*8 

56*7 


*2 
2 
1 
•1 
0 
-9 
•9 


16 
16 
17 
17 
17 
18 


18-6 
18*9 
19-2 
19-5 


111 

105-0 

112 

105*9 

113 

106*8 

114 

107*8 

115 

108*7 

116 

109*7 

117 

110*6 

118 

111-6 

119 

112-5 

120 

113-5 

36 
36 


36-8 


37  1 

37*4 

37*8 

38 

38 

38 

39 


171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


Dkt 


Dep.  I  Lat. 


DUti  Dep.  I  Lat.  |Diat 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 


55-7 

56*0 
56.3 
56*6 
57  0 
57*3 
57-6 
58-0 
58*3 
58-6 


231 
232 
233 
234 
235 
236 
237 
238 
239 
240 


218 

219 

220 

221- 

222 

223 

224 

225 

226 


226*9 


75*2 
75*5 
75-9 
76*2 
76-5 
76*8 
77*2 
77*5 
77-8 
78*1 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


Dep.  I  Lat.  |  Diat  Dep.  ]  Lat.  |Diat 


275*1 

276*14 

277*0 

278*0 

278*9 

279*9 

280*8 

281*8 

282*7 

283*7 


Dep. 


94 
95 
95 
95 
96 
96 
96 
97 
97 
97 


'7 
1 
•4 

■7 
•0 
'4 
•7 
•0 
3 
•7 


Lat. 


7r=4li.  44m. 


TAHiBS. 


, 

TVavene  Table  to  20  Degreess 

Ih  201IU 

Ditt 

LBt. 

Dep* 

DiffC 

Ut. 

Dep. 

Dist 

Lat. 

Dep. 

DiitJ  UL 

Dqp. 

IK—!     ¥.-^ 

I>Ep. 

1 

0-9 

0*3 

61 

57*3 

20*9 

121 

113-7 

41*4 

181 

170  1 

61*9 

241 

|22S-5 

82-4 

2 

1-9 

0*7 

62 

58*3 

21-2 

122 

114-6 

41-7 

182 

171  0 

62-2 

242 

\^t7'4 

82-8 

3 

2-8 

10 

63 

59*2 

21-5 

123 

115-6 

42-1 

183;  172-0 

62*6 

243 

228-3 

83-1 

4 

3*8 

1-4 

64 

601 

21-9 

124 

116-5 

42-4 

1841172*9 

62.9 

244 

229-3 

83-5 

5 

4-7 

1*7 

65 

61*1 

22-2 

125 

117*5 

42-8 

18& 

173-8 

63*3 

245^ 

230-2 

83-8 

6 

5-6 

21 

66 

62*0 

22-6 

126 

118-4 

43^ 

186 

174-8 

63-6 

246 

231-2 

84-2 

7 

6-6 

2*4 

67 

63*0 

22-9 

127 

119-3 

43-4 

187 

17&7 

64*0 

247 

232*1    84-5 

8 

7-5 

2*7 

68 

63-9 

23-3 

128 

120*3 

43-8 

IBS 

176*7 

64*3 

248 

233-0    84-8 

9 

8-5 

31 

69 

64-8 

23-6 

129 

121*2 

44*1 

189 

177-6 

64*6 

249 

234 -Oj  85-2 

10 
11 

9*4 

3*4 

70 

65-8 

23-9 

130 

122-2 

44*5 

190 

178-5 

65  0 

250/234-9    85-5 

10-3 

3-8 

71 

66-7 

24-3 

131 

123*1 

44-8 

191 

179-5 

65-3 

251  L  235 -9    85-8 

12 

11*3 

41 

72 

67*7 

24-6 

132 

124  0 

45*1 

192 

180-4 

66-7 

852    Z3S'8l86'2 

13 

12*2 

4-4 

73 

68-6 

25-0 

133 

125  0 

4&-5 

193 

181*4 

66*0 

253    237-7186*5 

U 

13-2 

4-8 

74 

69-5 

25-3 

134 

125*9 

45*8 

194 

182-3 

66*4 

254 

23a*7i86-9 

15 

14  1 

51 

75 

70*5 

25-7 

135 

126-9 

46*2 

195' 

186-2 

66*7 

255 

239  'S  '87  -2 

16 

15*0 

5-5 

76 

71*4 

26-0 

136 

127-8 

46*5 

196 

184-2 

67-0 

256 

24(0-6   87-6 

17 

16  0 

5*8 

77 

72-4 

26-3 

137 

128-7 

46-9 

197 

185*1 

67-4 

257 

241 -&    87*9    , 

18 

16*9 

6-2 

78 

73*3 

26-7 

138 

129-7 

47*2 

198 

186  1 

67*7 

258   242-4/88*2    | 

19 

17-9 

6*6 

79 

74*2 

27  0 

139 

130*6 

47-5 

199 

187  0 

68*1 

259   243- 

4    88-6 

20 

18-8 

6-8 

80 

75-2 

27*4 

140 

131*6 

47-9 

200 

187-9 

68-4 

260   244*. 

5    88-9    J 

21 

19-7 

72 

81 

76-1 

27-7 

141 

132-5 

48-2 

201 

168-9 

68-7 

261   245-3    89-3    1 

22 

20-7 

7*5 

82 

77-1 

28-0 

142 

133*4 

48-6 

202 

189*8 

69-1 

262  246-2    89-6    | 

23 

21*6 

7-9 

83 

78*0 

28-4 

143 

134*4 

48-9 

203 

190*8 

69-4 

263 

247-1190-0   f 

24 

22*6 

8*2 

84 

78-9 

28*7 

144 

135-3 

49*3 

204 

191-7 

69-8 

264 

248-1    90-3    1 

25 

23*5 

8*6 

85 

79-9 

29  1 

145 

136*3 

49*6 

205 

192*6 

70  1 

26» 

249-0    90*6    1 

26 

24*4 

8.9 

86 

80*8 

29-4 

146 

137-2 

49*9 

206 

193*6 

70-5 

266 

25O-0   91-9   f 

27 

25*4 

92 

87 

81-8 

29*8 

147 

138-1 

50*3 

207 

194*5 

70*8 

267 

250-9    91-3    1 

28 

26*3 

9*6 

88 

82*7 

30-1 

148 

139*1 

50*6 

208 

195*5 

71-1 

268 

251-8   91-7    1 

29 

27*3 

9*9 

89 

-83-6 

30-4 

149 

140  0 

51*0 

209 

196*4 

71*5 

269 

252-8   92-0    1 

30 

28*2 

10*3 

90 

84-6 

30-8 

150 

141  0 

51-3 

210 

197*3 

71*8 

270 
271 

253-7 

92-5    1 

31 

29*1 

10-6 

91 

85-5 

31*1 

151 

141-9 

51-6 

211 

198*3 

72-2 

254*7 

92-7    1 

32 

30*1 

10*9 

92 

86-5 

31*5 

152 

142*8 

52*0 

212 

199*2 

72-5 

272 

255-6 

93-0    f 

33 

31*0 

11*3 

93 

87*4 

31-8 

153 

143 -a 

52*3 

213 

200*2 

72*9 

273 

256-5 

93*4    1 

34 

31*9 

11*6 

94 

88*3 

32*1 

154 

144-7 

52*7 

214 

201*1 

73*2 

274 

257-5 

93-7    1 

35 

32  9 

12*0 

9> 

89-3 

32-5 

155 

145-7 

53*0 

215 

202*0 

73-5 

275 

258-4 

94-1    f 

36 

33*8 

12*3 

96 

90*2 

32-8 

156 

146-6 

53-4 

216.  203  0 

73-9 

276 

259-4|94-4    | 

3? 

34*8 

12*7 

97 

91*2 

33-2 

157 

147*5 

53-7 

217  203-9 

74*2 

277 

260-3 

94-7    1 

3H 

35*7 

13  0 

98 

92*1 

33*5 

158 

148-5 

54*0 

218,204-9 

74-6 

278 

261-2 

95-i    f 

39 

36*6 

13*3 

99     93  0 1 

33*9 

159 

149*4 

54*41 

219 !  205  -8 

74-9 

279 

262-2 

95-4    1 

40 

37*6 

13-7 

100 

94  0 

34*2 

160 

150*4 

54 -X 

220   206-7 

75-2 

280   263-lJ 

95*8    1 

%r 

38  5    U  Ol 

101 

94*9 

34*5 

161 

151*3 

55*1 

221   202-7 

75*6 

281 

264-1    96-1    1 

4« 

39  '5 

14*4 

102 

95*8 

34-9 

162 

152*2 

55*4 

222.208-6 

75*9 

282 

265-0 

96-4    1 

43 

40*4 

14*7 

103 

96*8 

35-2 

163 

153*2 

55-7 

223   209-6 

76*3 

283 

265*9 

96-8    1 

44 

4t*3 

15  0 

104 

97*7 

35*6 

164 

154-1 

56-1 

224   2K)*5 

76*6 

284 

266-9 

971 

43 

4i*3 

15*4 

105 

98*7 

35*9 

165 

155*0 

56*4 

225   211-4 

77 -a 

285 

267-8 

97-5 

46 

43  2 

15-7 

106 

99*6 

36*3 

166 

156*0 

56-8 

226   212*4 

77-3' 

286 

268*8 

97-8 

47 

44*^ 

16*1 

107 

100*5 

36*6 

167 

156*9 

57*1 

227   213*3 

77-6 

287 

269*7 

98 'i 

411 

15*1 

16*4 

108 

101*5 

36*9 

168 

157*9 

57-5 

228   214*2 

78*0 

288 

270*6 

98*5 

49 

46  0 

16*8 

109 

102  '4 

37*3 

169 

158*8 

57-8 

229   215*2 

78-3 

289 

271*6 

98*8 

^o  1  i:o 

17*1 
17- 

110 
111 

103*4 

37*6 

170 

159*7 

58*1 

239  216*1 

78-7 

299 

272-5 

99 'i 

A 

nr     "^ 

4M» 

104*3 

38*0 

171 

160*7 

58*5 

231   217*1 

79-0 

291 

273*5 

99*. 

XJ 

4HMI 

17*H 

112 

105-2 

38*3 

172 

161-6 

58-8 

232   218  0 

79-3 

292 

274-4 

99-9    1 

.%3 

49  >H 

18  1 

113    106*2 

38*6 

173 

162*6 

59*2 

233 ,  218  9 

79-7 

293 

275-3 

LOO -2 

54     50 '7 

18 '5 

114    107*1 

39*0 

174 

163*5 

59*5 

234  219  9 

80-0 

294  276*3 

LOO -6 

55 

51   r 

18  H 

115    108*1 

39*3 

175 

164*4 

59*9 

235  220-8 

80*4 

295   277 -2  1 

LOO -9 

5tl 

5d  6 

19 '2 1 

116,109*0 

39*7 

176 

165*4   60*2 

236  221-8 

80-7 

296 

278-1  1 

L0r2 

5? 

53  6 

19  5 

117.109*9 

40*0 

177 

166  *3  1  60  -5 

237   222*7 

81*1 

297 

279*1  ) 

L0r6 

5H 

N4'5 

19  H 

118   110*9 

40*4 

178 

167*3   60*9   238  223-6 

81*4 

29S,  280-0  ] 

101-9 

59    55  4 

90  U 

119   Ul*8 

40*7 

179 

168*2  61*2  239  224-6 

81*7 

299  291-0  ] 

102 '3  1 

60    5A'4 

iO'5    120    112  8 1 

41*0 

180 

169*1    61*6   240   225-5 

82  1 

300 

281 -9  1 

[02 '« 

: 

l>Ul.  IV|).    Ul.  iUiat 

lH*i).  [ 

Ut.] 

Out' 

Dep.  1  hat,  i  Dut  Dep. 

LU.  1 

Disfc 

Dep.    UL 

*rfcO jtU 


Ar\, 


TABIiTt  2.                                         87 

tVarane  TnVk  to  21  Degreesaalh.  84iii. 

Diit|Liit. 

I>q>. 

Diit 

Lot. 

Dep. 

DUt 

Lat. 

Dep. 

DxBt 

Lat. 

Dep. 

Dial 

Lat. 

Dep. 

1 

0-9 

0*4 

61 

56*9   21*91 

121 

113*0 

43*4 

181 

169-0 

64*9 

241 

225-0 

86*4 

2 

1-9 

0-7 

62 

57-9 

22-2 

122 

113-9 

43*7 

182 

169-9 

65*8 

242 

225*9 

86-7 

3 

2*8 

1*1 

63 

58-8 

22-6 

123 

114*8 

44*1 

183 

170*8 

65*6 

243 

226*9 

87  1 

4 

3  7 

1*4 

64 

59*7 

22*9 

124    115*81 

44*4 

184 

171*8 

65-9 

244 

227-8 

87*4 

5 

4-7 

1*8 

65 

60-7 

23-3 

125 

116*7 

44*8 

185 

172*7 

66-3 

245 

228-7 

87*8 

6 

6-6 

2*2 

66 

61-6 

23*7 

126 

117*6 

45*2 

186 

173*6 

66*7 

246 

229-7 

88*2 

7 

6*5 

2-5 

67 

62-5 

24*0 

127 

118*6 

45*5 

187 

174^6 

67*0 

247 

230-6 

88*5 

8 

7-5 

2-9 

68 

63*5 

24*4 

128 

119*5 

45*9 

188 

175*6 

67*4 

248 

231-5 

88*9 

9 

8-4 

3-2 

69 

64*4 

24-7 

129 

120-4 

46-2 

189 

176*4 

67*7 

249 

232-5 

89*2 

10 

9-5 

3-6 

70 

65*4 

25-1 

130 

121*4 

46-6 

190 

177*4 

68*1 

250   233 '41 

89*6 

11 

10-3 

3-9 

71 

66-3  1  25*41 

131 

122*3 

46-9 

191 

178*3 

68*4 

251 

234-3 

90*0 

12 

11-2 

4-3 

72 

67*2 

25*8 

132 

123*2 

47-3 

192 

179*2 

68*6 

252 

235*3 

90*3 

13 

12-1 

4*7 

73 

68*2 

26-2 

133 

124-2 

47*7 

193 

180*2 

69*2 

253 

236*2 

90*7 

14 

13-1 

5*0 

74 

69*1 

26*5 

134 

125  1 

48*0 

194 

181  '1 

69*5 

254   237*1 

91*0 

15 

14-0 

5*4 

75 

70*0 

26*9 

135 

126*0 

48*4 

195 

182-0 

69*9 

255   238*1 

91*4 

16 

14-9 

5*7 

76 

71  0 

27*2 

136 

127-0 

48*7 

196 

183*0 

70*2 

256  239*0 

91*7 

17 

15-9 

6*1 

77 

71*9 

27*6 

137 

127-9 

49  1 

197 

183*9 

70*6 

257  1 239  *9 

92*1 

18 

16-8 

6*5 

78 

72-8 

28  0 

138 

128-8 

49-5 

198   184*8 

71*0 

258  240  -9 

92-5 

19 

17-7 

.  «e 

79 

73*8 

28*3 

139 

129*8 

49-8 

199   185-8 

71*3 

259 '  241  *8 

92*8 

20 

18-7 

7-2 

80 

74*7 

28*7 

140 

130*7 

56-2 

200  186*7   71*7 

260  242-7 

93*2 

21 

19*6 

7*5 

81 

75*6 

29*0 

141 

131*6 

50-5 

201,187*6   72*0 

261   243-7 

93-5 

22 

20*5 

7*9 

82 

76*6 

29*4 

142 

132-6 

50-9 

202   188-6 

72-4 

262  244-6 

93*9 

23 

21*5 

8-2 

83 

77-5 

29*7 

143 

133*5 

51-2 

203   189-5 

72-7 

263  245*5 

94*3 

24 

22-4 

8  6 

84 

78*4 

30*1 

144 

134*4 

51*6 

204   190  «4 

73  1 

264   246-5 

94*6 

25 

23-3 

9*0 

85 

79*4 

30*5 

145 

133*4 

52-0 

203   191 '4   73*5 

265  247*4 

95*0 

26 

24-3 

9*3 

86 

80-3 

30*8 

146 

136*3  52*3 

206  192*3   73*8 

266  248*3 

95*3 

27 

25-2 

9*7 

87 

81*2 

31*2 

147 

137*2  52*7 

207   193*3   74-2 

267   249-3 

95-7 

28 

26*1 

10-0 

88 

82-2 

31*5 

148 

138  -2  ,  53  0 

208  194-2   74*5 

268  250*2 

96  0 

29 

27-1 

10-4 

89 

83-1 

31*9 

149 

139-1 '53 -4 

209   195-1    74*9 

269  251  1 

96*4 

30 

28-0 

10-8 

90 

84*0 

32*3 

150 

140-0  53-8 

210   196-1   75-3 

270  252-1 

96*8 

31 

28*9 

11*1 

91 

85-0 

32-6 

151 

141-0   54  1 

211.197*0   75*6 

271   253*0 

971 

32 

29-9 

11 -5 

92 

85*9 

33  0 

152 

141*9   54*5 

212   197*9   76*0 

272  253*9 

97*5 

33 

30*8 

11-8 

93 

86-8 

33-3 

153 

142*8   54  8 

213  198-9   76-3 

273  254-9 

97*8 

34 

31*7 

12-2 

94 

87-8 

33-7 

154 

143*8   55-2 

214   199-8   76-7 

274   255*8 

98*2 

35 

32-7 

12.5 

95 

88*7 

34*0 

155 

144*7   55*5 

215  200*7   77-0 

275  256-7 

98-6 

36 

SS-6 

12-9 

96 

89-6 

34*4 

156 

145*6   55*9 

216  201-7   77-4 

276  257*7 

98*9 

37 

34*5 

13*3 

97 

90-6 

34-8 

157 

146*6  56*3 

217  202*6   77*8 

277   258-6 

99*3 

38 

35*5 

13-6 

98 

91*6 

35  1 

158 

147*5  56*6 

218   203*5   78*1 

278   259-5 

99*6 

39 

36*4 

14-0 

99 

92*4 

35*5 

159 

148*4   57-0 

219  "204  -5   78  *5 

279  260*5 

100-0 

40 

37*3 

14*3 

100 

93*4 

35*8 

160 

149*4  57-3 

220  205*4   78*8 

280   261*4 

100*3 

41 

38*3 

14-7 

101 

94*3 

36*2 

161 

150-3  57-7 

221   206*3   79*2 

281   262-3 

100*7 

42 

39-2 

15  1 

102 

95*2 

36*6 

162 

151-2,58-1 

222  20;(,*3   79*6 

282  263*3 

101-1 

43 

40*1 

15*4 

103 

96*2 

36*9 

163 

152  *2  !  58  -4 

223  208^2   79*9 

283   264*2 

101*4 

44 

41*1 

15-8 

104 

97*1 

37*3 

164 

153  1 

58-8 

224   2091^1 

80-3 

284   265*1 

101*8 

45 

42*0 

16*1 

105 

98*0 

37-6 

165 

154*0 

59  1 

225   210*1 

80*6 

285   266*1 

102  1 

46 

42*9 

16-5 

106 

99  0 

38*0 

166 

155-0 

59-5 

226   211*0 

81  0 

286  267  -0 

102*5 

47 

43*9 

16-8 

107 

99-9 

38-3 

167 

155*9 

59-8 

227   211*9 

81-3 

287  1  267  *9 

102*9 

48 

44-8 

17*2 

108 

100*8 

38*7 

168 

156-8 

60*2 

228   212*9 

81*7 

288 

268*9 

103*2 

49 

45-7 

17-6 

109 

101-8 

39  1 

169 

157*8 

60-6 

229 :  213  *8 

82*1 

289 

269*8 

103-6 

50 
51 

46*7 

17*9 

110 

102*7 

39*4 

170 

158*7 

60*9 

230  214  *7 

82*4 

290 

270*7 

103-9 

47*6 

18 -i 

111 

103*6 

39*8 

171 

159*6 

61*3 

231!  215 '7 

82-8 

291 

271-7 

104-3 

52 

48-5 

18*6 

112 

104*6 

40*1 

172 

160*6 

61*6 

232 

216*6 

83*1 

292 

272-6 

104-6 

53 

49-5 

19  0 

113 

105*5 

40*5 

173 

161*5 

62-0 

233 

317*5 

83*6 

293 

273-5 

106-0 

54 

50-4 

19*4 

114 

106*4 

40*9 

174 

162*4 

62-4 

234 

218*5 

83*9 

294 

274-5 

105-4 

55 

51*3 

19-7 

115 

107*4 

41*2 

175 

163*4 

62*7 

235 

219-4 

84*2 

296 

275*4 

105*7 

56 

52-3 

20  1 

116 

108*3 

41*6 

176 

164*3 

63*1 

236 

220*3 

84-6 

296 

276*3 

106  1 

57 

53-2 

20-4 

117 

109-2 

41*9 

177 

165*2 

63*4 

237 

221*3 

84-9 

297 

277  -3 

106-4 

58 

54-1 

20-8 

118 

110*2 

42*3 

178 

166*2 

63-8 

238 

222*2 

85-3 

298 

278*2 

106-8 

59 

55*1 

21-1 

119 

1111 

42*6 

179 

167*1 

64*1 

239 

223*1 

85*6 

299 

279  1 

107*2 

60 

56-0 

21-5 

120 

112*0 

43*0 

180 

168-0 

64*5 

240 

224*1 

86*0 

300 

260*1 

107*5 

Dut 

Dep. 

Lat. 

Diit 

Dep. 

Ut. 

Diet 

Dep. 

Lat. 

Diat 

Dep. 

Lat  1  Diat 

Dep. 

Lat. 

- 

69 

•=4b. 

S6m 

u 

■ 

89 


TABLE  3. 
Traverse  Table  to  22  Degreessslh.  28iil 


JhMt 

Lat. 

Dep 

Dist 

Lat. 

Dep. 

iDist 

Lat. 

Dep. 

Diflt 

Lat. 

Dep. 

DUt 

.     I^ 

Dep. 

I 

2 
3 
4 
6 
6 
7 
8 
9 
10 

0-9 
1-9 
2-8 
3-7 
4-6 
5-6 
6-5 
7-4 
8-3 
9-3 

0-4 
0-7 
11 
1-5 
1-9 
2-2 
2-6 
3-0 
3  4 
3-7 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

56-6 
57-5 
58-4 
59-3 
60-3 
61-2 
62-1 
63-0 
64-0 
64-9 

22 
23 
23 
24 
24 
24 
25 
25 
25 
26' 

9 
2 
-6 
0 
3 
7 
1 
5 
-8 
'2 

121 
122 
123 
124 
125 
126 
127 
128 
129 
130 

112  2 
1131 
114-0 
115-0 
115-9 
116-8 
117-8 
118-7 
119-6 
120*5 

45 

45 

46 

46 

46 

47 

47 

47' 

48 

48 

3 

■7 
■1 
5 
-8 
'2 
6 
'9 
'3 
■7 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

167-8 
168*7 
1697 
170*6 
171-5 
172-5 
173-4 
174-3 
175-2 
176-2 

67-8 
68-2 
68*6 
68-9 
69-3 
69-7 
70-1 
70-4 
70-8 
71-2 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 

223-5 
224-4 
225-3 
226-2 
227-2 
228-1 
229-0 
229-9 
230-9 
231-8 

90-^ 

90-; 

9H 
91-^ 
91'} 
921 
92 -J 
92-! 
,    93-^ 

93-; 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

10*2 
11-1 
12-1 
13-0 
13-9 
14-8 
15*8 
16-7 
17-6 
18-5 

41 
4-5 
4-9 
5-2 
5-6 
6  0 
6-4 
6-7 
7-1 
7-5 

71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

65-8 
66-8 
67-7 
68-6 
69-5 
70-5 
71-4 
72-3 
73-2 
74-2 

26 

27 

27 

27 

28 

28' 

28- 

29 

29 

30 

6 
0 
3 

•7 
■1 
5 

I 
0 

131 
132 
133 
134 
135 
136 
137 
138 
139 
140 

121-5 
122-4 
123*3 
124-2 
125-2 
126-1 
127-0 
128  0 
128-9 
129*8 

49 

49' 

49' 

50 

50 

50 

61 

51 

52 

52' 

1 
4 

8 
2 
6 
9 
3 
7 
1 
4 

191 
192 
193 
194 
195 
196 
197 
198 
199 
200 

177-1 
178-0 
178.9 
179-9 
180-8 
181*7 
182-7 
183-6 
184-5 
185-4 

71-5 
71-9 
72-3 
72-7 
73*0 
73*4 
73-8 
74  2 
74*5 
74-9 

251 
252 
253 
254 
255 
256 
257 
258 
259 
260 

232-7 

233-7 

234-6 

235-5 

236-4 

237-4 

238-3 

239-2 

240-1 

241-1 

1    94-^ 

.  94'^ 
94 -Ji 
95 -i 

'  95-5 
95-9 

1  96-3 
96-6 
97  0 
97-4 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

19-5 
20-4 
21-3 
22-3 
23-2 
24  1 
25-0 
26*0 
26-9 
27-8 

7-9 

8-2 

8-6 

9-0 

9-4 

9-7 

10-1 

10-5 

10-9 

11-2 

75-1 
76-0 
77-0 
77-9 
78-8 
79-7 
80*7 
81-6 
82*5 
83-4 

30 
30 
31 
31 
31 
32 
32 
33 
33 
33 

3 
•7 
•1 
5 
-8 
2 

■I 

3 

•7 

141 
142 
143 
144 
145 
146 
147 
148 
149 
»150 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

130*7 
131*7 
132*6 
133*5 
134*4 
135*4 
136-3 
137-2 
138*2 
139*1 

52' 

53 

53 

53' 

54 

54' 

55' 

55' 

55' 

56' 

8 
2 
6 
9 
3 
7 
1 
4 
8 
2 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

186*4 
187-3 
188*2 
189-1 
190-1 
191  0 
191*9 
192*9 
193-8 
194*7 

75*3 
75-7 
76*0 
76*4 
76*8 
77*2 
77-5 
77*9 
78*3 
78*7 

261 
262 
263 
264 
265 
266 
267 
268 
269 
270 

242-0 
242-9 
243-8 
244-6 
245-7 
246-6 
247-6 

248  -5 

249  -4 1 
250-3' 

97-8 

98-1 

98-5 

98-9 

99-3 

99-6 

100  0 

100-4 

100-8 

lori 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

28-7 
29-7 
30-6 
31-5 
32*5 
33-4 
34*3 
3\*2 
36*2 
37*1 

11-6 
12-0 
12*4 
12-7 
13  1 
13-5 
13-9 
14-2 
14-6 
15-0 

15*4 
15-7 
16*1 
16*5 
16*9 
17  "2 
17-6 
18*0 
18*4 
18*7 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

84-4 
85*3 
86-2 
87-2 
88-1 
89  0 
89-9 
90-9 
91-8 
92-7 

34 
34 
34 
35 
35 
36 
36 
36 
37 
37 

•1 
•5 
•8 

1 

•0 
•3 
•7 
•1 
•5 

140  0 
140*9 
141*9 
142-8 
143-7 
144-6 
145-6 
146*5 
147*4 
148*3 

56 
56 
57 
57 
58 
58 
58 
59 
59 
59 

6 
•9 
3 
■7 
1 
•4 
-8 
•2 
-6 
•9 

211 
212 
213 
214 
215 
216 
217 
218 
219 
220 

195-6 
196*6 
197*5 
198*4 
199*3 
200*3 
201-2 
202-1 
203-1 
204-0 

79*0 
79*4 
79-8 
80*2 
80*5 
80-9 
81*3 
81-7 
82*0 
82*4 

271 
272 
273 
274 
275 
276 
277 
278 
279 
280 

251  -3 , 

252  -2 ; 

253  1  i 
254-0, 
255*0 
255-9 

256  -8 . 

257  '8 
258-7 
259*6 

101-5 
101-9 
102-3 
102-6 
103-0 
103-4 
103  8 
104-1 
104-5 
104-9 

105-3 
105-6 
106-0 
106  4 
106-8 

107*1 

io;*5 

107-9 
108-3 
108-5 
109-0 
109*4 
109  8 
1101 
110-5 
110'^ 
111-3 
111-6 
[12'0 
112-4 

\\^  aS'O 
4i  |38'» 

43  '39*9 

44  '40 -8 

45  ,41*7 

46  l42*7 

47  ,43*6 

48  44*5 

49  |45*4 

50  46*4 

101 
102 
103 
104 
105 
106 
107 
108 
109 

no 

93  6 

94-6 

95-5 

96-4 

97-4 

98-3 

99-2 

100  1 

101-1 

102-0 

37 

38 

38' 

39' 

39 

39' 

40 

40' 

40- 

41 

8 
2 
6 
0 
3 
7 
1 
5 
8 
2 

161 
162 
163 
164 
165 
166 
167 
168 
169 
170 

171 
172 
173 
174 
173 
176 
177 
178 
179 
180 

149-3 
150-2 
151  1 
152*1 
1530 
153-9 
154*8 
155-8 
156*7 
157  6 

60 
60 
61 
61 
61 
62 
62 
62 
63 
63 

•3 
•7 
■1 
•4 
'8 
•2 
•6 
9 
3 
•7 

221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

204*9 
205*8 
206-8 
207-7 
208-6 
209*5 
210*5 
211-4 
212-3 
213-3 

82-8 
,83-2 
,83-5 
83-9 
84-3 
84-7 
85-0 
85-4 
85-8 
86-2 

281 
282 
283 
284 
285 
286 
287 
288 
289 
290 

260-5 
261-5 
262-4 
263-3 
264-2 
265*2 
266-1 
267-0 
268-0 
268-9 

51 
52 
53 
54 
55 
56 
M 
58 
59 
00 

"47*3 
48*2 
49*1 
50*1 
51  0 
51*9 
58 '8 
53*8 
54*7 
55*6 

191 
19*5 
19*9 
20*2 
20-6 
21*0 
21-4 
21*7 
22*1 
22  *5 

111 
112 
113 
114 
115 
116 

117 
118 
119 
120 

102-9 
103*8 
104-8 
105-7 
106*6 
107*6 
108*5 
109-4 
110-3 
111*3 

41- 

42' 

42' 

42- 

43- 

43- 

43* 

44 

44' 

45* 

0 
0 
3 
7 
1 
5 
8 
2 
6 
0 

158-5 
159-5 
160-4 
161-3 
162*3 
163-2 
164-1 

165  0 

166  0 
166*9 

64 

64 

64' 

65 

65 

65 

66 

66 

67' 

67' 

•1 

•4 
•8 
•2 
6 
■9 
3 
7 
1 
4 

231 
232 
233 
234 
235 
236 
237 
238 
239 
240 

214-2   86-5, 
215-1    86*9 
216*0,87*3 
217-0 1  87  7 
217 -9!  88-0 
218  -8  1  88  -4 
219-7   88-8 
220-7   89-2 
221  -6 ;  89  -5 
222-5   89*9 

291 
292 
293 
294 
295 
296 
297 
298 
299 
300 

269-8 
270-7 
271-7 
272-6 
273-5 
274-4 
275*4 
276-3 
277-2 
278-2  1 

Uui  IVp.*' 

'Lit. 

Dirtt 

l)fip. 

Lnt.  1 

Digt    Dep.  1  Lat.  |  DUt 

Dep.  1  Lat. 

[Dist 

Dep.  1   Lat.  J 

68''ss4b.  32m. 
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Traverse  Table  to  23  Degrees  = 

=  Ih. 

d2in 

• 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

1 

0-9 

0-4 

61 

56-2 

23-8 

121 

111-4 

47-3 

181 

166-6 

70 

•7 

241 

221-8 

94-2 

2 

1-8 

0-8 

62 

57  1 

24-^ 

122 

112-3 

47*7 

182 

167*5 

71' 

l 

242 

222-8 

94*5 

3 

2-8 

1-2 

63 

58  0 

24-€ 

123 

113-2 

48-1 

183 

168-5 

71 

'5 

243 

223-7 

94-9 

4 

3-7 

1-6 

64 

58-9 

25  0 

124 

114-1 

48-5 

184 

169*4 

71 

•9 

244 

224-6 

95-3 

5 

4-6 

2  0 

.  65 

59*8 

25*4 

125 

1151 

48-8 

185 

170-3 

72 

•3 

245 

225-5 

95-7 

6 

5-5 

2-3 

66 

60-8 

25-8 

126 

116-0 

49-2 

186 

171-2 

72 

•7 

246 

226-4 

96-1 

7 

6-4     2-7 

67 

61-7 

26-2 

127 

116-9 

49-6 

187 

1721 

73 

•1 

247 

227-4 

96-5 

8 

»  7-4     3X 

68 

62-6 

26-6 

128 

117-8 

50  0 

188 

1731 

73 

•5 

248 

228-3 

96-9 

9 

8-3 

3-6 

69 

63-5 

27-0 

129 

118-7 

50-4 

189 

174-0 

73 

•8 

249 

229-2 

97-3 

10 

9-2 

3-9 

70 

64-4 

27-4 

130 

119-7 

50-8 

190 

174-9 

74 

•2 

250 

230-1 

97-7 

11 

101 

4-3 

71 

65-4 

27-7 

131 

120-6 

51-2 

191 

175-8 

74 

■6" 

251 

231  0 

98  1 

12 

11  0 

4-7 

72 

66-3 

28  1 

132 

121-5 

51-6 

192 

176-7 

75 

•0 

252 

232-0 

98-5 

la 

12  0 

5-1 

73 

67-2 

28*5 

133 

122-4 

52-0 

193 

177-7 

75 

•4 

253 

232-9 

98-9 

u 

12-9 

5-5 

74 

68  1 

28-9 

134 

123-3 

52-4 

194 

178-6 

75 

•8 

254 

233-8 

99*2 

15 

13-8 

5.9 

75 

69-0 

29-3 

135 

124*3 

52-7 

195 

179-5 

76 

•2 

255 

234-7 

99-6 

16 

14-7 

6-3 

76 

70  0 

29-7 

136 

125-2 

53*1 

196 

180-4 

76 

'6 

256 

235-6 

100  0 

17 

15-4 

6-6 

77 

70-9 

30-1 

137 

126*1 

53-5 

197 

181-3 

77 

•0 

257 

236-6 

100-4 

18 

16-6 

7  0 

78 

71-8 

30-5 

138 

127*0 

53-9 

198 

182-3 

77 

■4 

258 

237-5 

100-8 

19 

17-5 

7-4 

79 

72  7 

30-9 

139 

128*0 

54-3 

199 

183-2 

77 

■8 

259 

238-4 

101-2 

20 
21 

18-4 

7-8 

80 

73-6 

31-3 

140 

128*9 

54-7 

200 

184*1 

78 

1 

260 

239-3 

101-6 

19*3 

8-2 

81 

74-6 

31-6 

141 

129*8 

55-1 

201 

185-0 

78 

5 

261 

240  -3 

102-0 

22 

20-3 

8-6 

82 

75-5 

32-0 

142 

130-7 

55-5 

202 

185*9 

78 

9 

262 

241-2 

102-4 

23 

21-2 

9  0 

83 

76-4 

32.4 

143 

131-6 

55-9 

203 

186-9 

79 

■3 

263 

242-1 

102-8 

24 

221 

9-4 

84 

77-3 

32*8 

144 

132*6 

56-3 

204 

187*8 

79 

•7 

264 

243-0 

103-2 

25 

23  0 

9-8 

85 

78-2 

33-2 

145 

133-5 

56-7 

205 

188-7 

80 

•1 

265 

243-9 

103-5 

26 

23-9 

10-2 

86 

79-2 

33*6 

146 

134*4 

57-0 

206 

189-6 

80 

•5 

266 

244-9 

103-9 

27 

24-9 

10-5 

87 

80-1 

34-0 

147 

135*3 

57-4 

207 

190-5 

80 

■9 

267 

245-8 

104-3 

28 

25-8 

10-9 

88 

81-0 

34-4 

148 

136-2 

57-8 

208 

191-5 

81 

•3 

268 

246-7 

104-7 

29 

26-7 

11-3 

89 

81-9 

34*8 

149 

137-2 

58*2 

209 

192-4 

81 

•7 

269 

247*6 

105-1 

30 

.27-6 
28-5 

11-7 

90 

82-8 

35-2 

150 

138-1 

58*6 

210 

193-3 

82 

•1 

270 .  248  -5 

105-5 

31 

32 
79 

12-1 

91 

83-8 

35-6 

151 

139*0 

59-0 

211 

194-2 

82 

•4 

271 

249-5 

105-9 

29-5 

12-5 

92 

84-7 

35-9 

152 

139*9 

59*4 

212 

195*1 

82 

•8 

272 

250-4 

106-3 

33  |ao-4 

?$    33  1 

38  35  -0 
3»   35-9 
40  \  36  -8 

12-9 

93 

85-6 

36-3 

153 

140-8 

59*8 

213 

196-1 

83 

•2 

273 

251-3 

106-7 

13-3 

94 

86-5 

36-7 

154 

141*8 

60-2 

214 

197-0 

83 

■6 

274 

252-2 

107-1 

13-7 

95 

87-4 

37*1 

155 

142-7 

60-6 

215 

197*9 

84 

•0 

275 

253*1 

107*5 

14-1 

96 

88-4 

37*5 

156 

143-6 

61-0 

216 

198-8 

84 

•4 

276 

254*1 

107*8 

14-5 

97 

89-3 

37-9 

157 

144-5 

61*3 

217 

199-7 

84 

•8 

277 

255*0 

108-2 

14-8 

98 

90-2 

38*3 

158 

145-4 

61-7 

218 

200-7 

85- 

•2 

278 

255-9 

108-6 

15*2 

99 

91-1 

38-7 

159 

146*4 

62*1 

219 

201-6 

85 

•6 

279 

256-8 

109-0 

15-6 

100 

92-1 

39*1 

160 

147-3 

62-5 

220 

202-5 

86 

•0 

280 

257-7 

109-4 

41 
42 

37-7 

16  0 

101 

93  0 

39*5 

161 

148*2 

62*9 

221 

203-4 

86 

•4 

281 

258-7 

109-8 

38*7 

16-4 

102 

93-9 

39-9 

162 

149*1 

63*3 

222 

204-4 

86 

•7 

282 

259-6 

110*2 

43 

39*6 

16-8 

103 

94-8 

40-2 

163 

150-0 

63*7 

223 

205-3 

87 

•1 

283 

260-5 

110-6 

44 

40-5 

17-2 

104 

95-7 

40-6 

164 

151-0 

64  1 

224 

206  -2 

87 

•5 

284 

261-4 

1110 

45 

41-4 

17-6 

105 

96-7 

41*0 

165 

151-9 

64-5 

225 

207  1 

87 

•9 

285 

262-3 

111-4 

46 

42-3 

18  0 

106 

97-6 

41-4 

166 

152-8 

64.9 

226 

208  0 

88 

•3 

286 

263-3 

111*7 

47  143 -3 

18-4 

107 

98-5 

41-8 

167 

153-7 

65*3 

227 

209*0 

88 

•7 

287 

264-2 

112-1 

48    44-2 

18-8 

108 

99-4 

42*2 

168 

154-6 

65*6 

228 

209-9 

89 

•1 

288 

265-1 

112*5 

l49 

45-1 

19-1 

109 

100-3 

42-6 

169 

155-6 

66  0 

229 

210-8 

89 

•5 

289 

266-0 

112*9 

50 

46  0 

19-5 

110 

101-3   43-0 

170 

156-5 

66-4 

230 

211-7 

89 

•9 

290 

266-9 

113-3 

51 

46-9 

19-9 

111 

102-2 

43-4 

171    157-4 

66-8 

231 

212-6 

90 

■3 

291 

267-9 

113-7 

52 

47-9 

20-3 

112 

103-1 

43*8 

172 

158-3 

67.2 

232 

213-6 

90 

6 

292 

268-8 

114-1 

53 

48-8 

20-7 

113 

104-0 

44-2 

173 

159-2 

67-6 

233 

214-5 

91' 

0 

293 

269-7 

114*5 

54 

49-7 

21-1 

114 

104-9 

44-5 

174 

160-2 

68-0 

234 

215-4 

91 

4 

29i 

270-6 

114*9 

55 

50*6 

21-5 

115 

105-9 

44*9 

175 

161  1 

68-4 

235 

216-3 

91' 

8 

295 

271-5 

115-3 

56 

51*5 

21-9 

116 

106-8 

45-3 

176 

162-0 

68-8 

236 

217-2 

92- 

2 

296 

272-5 

115*7 

57 

52-5 

22-3 

117 

107-7 

45-7 

177 

162*9 

69-2 

237 

218-2 

92" 

6 

297 

273-4 

116-0 

58 

53-4 

22-7 

118 

108-6 

46  1 

178 

163-8   69*5 

238 

219-1 

93' 

0 

298 

274-3 

116-4 

59    54 -31 

23-1 

119 

109-5  46-5 

179 

164-8   69-9 

239 

220*0 

93- 

4 

299 

275-2 

116*8 

55-2 

23-4 

120 

110-5   46-9 

180 

165-7    70-3 

240 

220-9 

93-8 

300 

276*2 

117-2 

Dep. 

Lat.  1  Dist 

Dep. 

Lat.| 

Distl  Dep.  :  Lat.  | 

DUt 

Dep. 

Lat. 

Distl 

Dep.  1 

Lat. 

^ft 

"*"^^ 
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TABLE    2.                                           1 

IVtyerae  Table  to  24  Degrees  ^  Ih.  S6m.                     1 

Dist 

1 

UL 

Dqp. 

Di>t 

Lai.  |Dep. 

Diit    I«t. 

Dq>. 

Diit 

UL 

[D^jDi-ll-t. 

Dep. 

0*9 

0 

A 

61 

55  -7  ,  24  *8 

121,110*5 

49-2 

181 

165-4 

73-6 

241 

220*2 

96  0 

2 

1-8 

0 

8 

62 

56*6 

25-2 

122  1111-5 

49-6 

182 

166*3 

74  0 

242 

22M 

96-4 

s 

2-7 

1' 

2 

63 

57 -6 ' 25  *6 

123 

112-4 

50-0 

183 

167*2 

74-4 

243 

222  0 

98-8 

4 

3-7 

1 

6 

64 

58*5 

26-0 

124 

113-3 

50*4 

184 

168*1 

74-8 

244 

222-9 

311 

1 

4-6 

2- 

0 

65 

59*4 

26-4 

125 

114-2 

50*8 

185 

169*0 

75*2 

245 

223*8 

6 

5-5 

2' 

4 

66 

60-3 

26-8 

126 

115-1 

51*2 

186 

169*9 

75-7 

246 

224*7 

100  1 

7 

6*4 

2' 

8 

67 

61*2 

27 '3 

127 

116*0 

51*7 

187 

170*8 

76  1 

247 

225*6 

100  & 

8 

8*2 

3 

3 

68 

62*1 

27*7 

128 

116*9 

52-1 

188 

171*7 

76*5 

248 

226*6 

100*9 

9 

3' 

7 

69 

63-0 

28  a 

129 

117*8 

52-5 

189 

172*7 

76*9 

249 

227*5 

101-3 

10 

9-1 

4' 

1 

70 

63*9 

28-5 

130 

118.8 

52.9 

190 

173*6 

77-3 

250 

228*4 

101  •; 

11 

10*0 

4- 

J 

71 

64*9  28*9 

131 

119*7 

53-3 

191 

174*5 

77*7 

251 

229*1 

102-L 

12 

11-0 

4' 

9 

72 

65-8  29*3 

132 

120*6 

53*7 

192 

175*4 

78*1 

252 

230*2 

102*5 

13 

11*9 

5' 

3 

73 

66-7  29-7 

133 

121*5 

54*1 

193 

176*3 

78*5 

253 

231*1 

102-9 

14 

12*8 

5' 

7 

74 

67 '6  30*1 

134 

122*4 

54*5 

194 

177*2 

78*9 

254 

232*0 

105-3 

1ft 

13-7 

6' 

1 

75 

68 -5 -30  •5 

135 

123*3 

54-9 

195 

178*1 

79.3 

255 

233-0 

103-7 

16 

14*6 

6 

5 

76 

69*4 

30 -9 

136 

124*2 

55*3 

196 

179*1 

79-7 

256 

233*9 

104  l 

17 

15*5 

6' 

9 

77 

70-3 

31*3 

137 

125*2 

55*7 

197 

180*0 

80*1 

257 

234-8 

104-5 

18 

16*4 

7- 

3 

78 

71*3 

31*7 

138 

126  1 

56  a 

198 

180*9 

80*5 

258 

235*7 

104*9 

19 

17-4 

.7' 

7 

79 

72*2 

32  1 

139 

127*0 

56*5 

199 

181-8 

80*9 

259 

236*6 

105-3 

20 

18*3 

8' 

1 

80 

73  1 

32*5 

140 

127*9 

56*9 

200 

182*7 

81*3 

260 

237*5 

105-8 

21 

19  2 

8- 

T 

81 

74*0  32*9 

141 

128*8 

57*3 

201 

183*6 

81*8 

261 

238*4 

106-2 

22 

20-1 

8 

-9 

82 

74-9 

83*4 

142 

129*7 

57*8 

202 

184*5 

82*2 

262 

239*3 

106-6 

25 

21*0 

9 

'4 

83 

75-8 

83*8 

143 

130*6 

58*2 

203 

185*4 

82.6 

263 

240*3 

107-0 

24 

21*9 

9 

'8 

84 

76*7 

34*2 

144 

131*6 

58*6 

204 

186*4 

83*0 

264 

241*2 

107*4 

25 

22*8 

10- 

•2 

85 

77*7 

34*6 

145 

132*5 

59*0 

205 

187*3 

83-4 

265 

242*1 

107-8 

26 

23*8 

10" 

'6 

86 

78*6 

85*0 

146 

133*4 

59*4 

206 

188*2 

83*8 

266 

243-0 

108-2 

27 

24*7 

11 

•0 

87 

79*5 

35*4 

147 

134*3 

59*8 

207 

189*1 

84*2 

267 

243*9 

108-6 

28 

25*6 

11 

■4 

88 

80*4 

33*8 

148 

135*2 

60 '2 

208 

190*0 

84-6 

268 

244-8 

109-0 

29 

26*5 

11 

8 

89 

81-3 

36*2 

149 

136*1 

60^6 

209 

190*9 

85*0 

269 

845.7 

109-4 

80 

27-4 

12 

•2 

.90 

82*2 

36  »6 

150 

137*0 

61 

'1 

210 

191*8 

85*4 

270 

246*7 

109-8 

81 

28*3 

12 

6 

91 

83*1 

37*0 

151 

137*9 

Tl 

7 

211 

192*8 

85*8 

271 

247*6 

110*2 

82 

29*2 

13 

•0 

92 

84*0 

87*4 

152 

138*9 

61 

8 

212 

193*7 

86*2 

272 

248*5 

110-6 

S3 

30*1 

13 

'4 

93 

85*0 

37-8 

153 

139*8 

62 

•2 

213 

194-6 

86*6 

273 

249*4 

1110 

84 

31-1 

13 

•8 

94 

85-9 

38*2 

154 

140*7 

62 

'6 

214 

195*5 

87*0 

274 

250*3 

111*4 

8ft 

32*0 

14 

•2 

9ft 

86*8 

38*6 

156 

141-6 

63 

•0 

215 

196*4 

87*4 

275 

251-2 

111*9 

86 

32*9 

14 

-6 

96 

87-7 

39*0 

156 

142*5 

63 

•5 

216 

197*3 

87*9 

276 

252*1 

112*3 

87 

33-8 

15 

•0 

97 

88*6 

39-5 

157 

143*4 

63 

'9 

217 

198*2 

88-3 

277 

253-1 

112-7 

38 

34-7 

15 

'5 

98 

89*5 

39*9 

158 

144*3 

64 

•3 

218 

199*2 

88*7 

278 

254*0 

1131 

39 

35*6 

15  < 

•9 

99 

90*4 

40*3 

159 

145*3 

64 

7 

210 

200*1 

89-1 

279 

254-9 

113-5 

40 

36*5 

16 

•3 

100 

91*4 

40*7 

160 

146-2 

65 

•1 

220   201*0 

89-5 

280 

255*8 

113*9 

4i 

37*5 

16 

•7 

101 

92*3 

41  1 

161 

147  1 

65 

7 

221 

201-9 

89-9 

281 

256*7 

114-3 

42 

38*4 

17 

1 

102 

93-2 

41*5 

162 

148-0 

65 

9 

222 

202*8 

90-3 

282 

257-6 

114*7 

43 

39*3 

17- 

5 

103 

94-1 

41*9 

163 

148-9 

66 

3 

223 

203*7 

90-7 

283 

258*5 

115  l 

44 

40*2 

17' 

9 

104 

95  0 

42*3 

164 

149*8 

66 

7 

224 

204*6 

91-1 

284 

259-4 

115-5 

4ft 

41  1 

18* 

3 

10ft 

95*9 

42*7 

165 

150*7 

67' 

1 

225 

205*5 

91-5 

285 

260*4 

115*9 

46 

42*0 

18' 

7 

106 

96*8 

43*1 

166 

151-6 

67 

5 

226 

206*5 

91-9 

286 

261-3 

116*3 

47 

42*9 

19 

1 

107 

97*7 

43*5 

167 

152*6 

67 

9 

227 

207*4 

92-3 

287 

262*2 

116-7 

48 

43*9 

19 

5 

108 

98-7 

43-9 

168 

153-5 

68' 

3 

228   208*3 

92-7 

288 

263  1 

1171 

49 

44-8 

19' 

9 

109 

99-6 

44*3 

169 

154*4 

68 

7 

229  1 209 -2 

93  1 

289 

264*0 

117*5 

&0 

45*7 

20- 

3 

110 

100-5 

44-7 

170 

155*3 

69' 

1 

230  1 210  *1 

93-5 

290 

264*9 

118  0 

ftl 

46*6 

20' 

7 

HI 

101*4 

45-1 

171 

156.2 

69 

6 

231    211  0 

94  0 

291 

265*8 

118*4 

58 

47*5 

21' 

2 

112 

102*3 

45*6 

172 

157.1 

70 

0 

232  211-9 

94-4 

292 

266*8 

118*8 

53 

48*4 

21' 

6 

113 

103*2 

46-0 

173 

158*0 

70 

4 

233,212*9 

94-8 

293 

267-7 

119*2 

54 

49-3 

22< 

0 

114 

104*1 

46*4 

174 

159*0 

70' 

8 

234   213*8 

95*2 

294 

268*6 

119-6 

55 

50*2 

22' 

4 

115 

105  1 

46-8 

175 

159*9 

71 

2 

235  214*7 

95*6 

295 

269*5 

120*0 

56 

51*2 

22< 

8 

116 

106  0 

47-2 

176 

160*8 

71- 

6 

236  215  *6 

96*0 

296 

270-4 

120-4 

57 

52-1 

23' 

2 

117 

106*9 

47-6 

177 

161*7 

72 

0 

237  216*5 

96*4 

297 

271-3 

120*8 

58 

53*0 

28' 

6 

118 

107 'O 

48-0 

178 

162*6 

72' 

4 

238  217-4 

96*8 

298 

272-2 

121-2 

59 

53-9 

24- 

0 

119 

108*7 

48-4 

179 

163-5 

72 « 

8 

239  218*3 

97*2 

299 

273*2 

121-6 

60 

54*8 

24-4 
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2 
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1 

Lat. 
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Lat. 

Dep.|Dist 

Lat. 

Dep. 

Dial     Lat. 

Dep.  j  Dist 

Lat. 

Dep. 

'    0-9 

0-4 

61 

55-3 

25*8 

121 

109-7    51   1 

181 

164  0 

76 

'5    241    218 

-4 

101*9 

2  1    1-8 

0-8 

62 

56-2 

26*2 

122 

110*6   51*6 

182 

164*9 

76 

9    242   219 

3 

102-3 

3      2-7 

1-3 

63 

57  1 

26*6 

123 

111-5 

52*0 

183 

165*9 

77 

3    243    220 

•2 

102*7 

4  1   3-6 

1-7 

64 

58^ 

27  0 

124 

112*4 

52*4 

184 

166*8 

77' 

81244 

221 

1 

103  1 

5      4-5 

2-1 

65 

58-9 

27*5 

125 

113*3 

52-8 

185 

167*7 

78' 

2^ 

245  ;  222 

0 

103*5 

6      5-4 

2-5 

66 

59-8 

27*9 

126 

114*2 

53-2 

186 

168*6 

78 

6 

246  ;  223 

0 

104*0 

7      6-3 

3  0 

67 

60-7 

28*3 

127 

115*1 

53*7 

187 

169*5 

79' 

0 

247    223 ' 

•9 

104*4 

8 

7  3 

3-4 

68 

61-6 

28*7 

128 

1160 

54*1 

188 

170*4 

79 

•5 

248(224' 

8 

104-8 

9 

8-2 

3-8 

69 

62-5 

29*2 

129 

116-9 

54-5 

189 

171*3 

79 

"9 

249  1225- 

1 

105-2 

10 

91 

4-2 

70 

63-4 

29*6 

130 
131 

117*8 

54*9 

190 

172*2 

80 

'3   250  1  226- 

'6 

105*7 

U 

10  0 

4-6 

71 

64-3 

30*0 

118*7 

55-4 

191 

173  1 

80 

7 

251 

227" 

5 

106  1 

12 

10-9 

51 

72 

65-3 

30*4 

132 

119*6 

55*8 

192 

174*0 

81' 

1 

252 

228' 

4 

106*5 

13 

11-8 

5*5 

73 

66-2 

30*9 

133 

120*5 

56*2 

193 

174-9 

8]  ' 

6 

253 

229- 

3 

106*9 

14 

12-7 

5  9 

74 

67-1 

31*3 

134 

121  -4 

56.6 

194 

175*8 

82' 

0 

254 

230- 

2 

107*3 

15 

13-6 

6-3 

75 

68-0 

31*7 

135 

122*4 

571 

195 

176*7 

82- 

4 

255 

231- 

1 

107*8 

10 

14-5 

6-8 

76 

68-9 

32*1 

136 

123*3 

57*5 

196 

177*6 

82' 

8   256 

232- 

0 

108*2 

17 

15-4 

7-2 

,77 

69-8 

32*5 

137 

124*2 

57*9 

197 

178*5 

83" 

3 

257 

232- 

9 

108*6 

18 

16-3 

7-6 

78 

70-7 

33*0 

138 

125  1 

58-3 

198 

179-4 

83- 

7 

258 

233* 

8 

109*0 

19 

17-2 

8-0 

79 

71-6 

33*4 

139 

126*0 

58*7 

199 

180*4 

84- 

1 

259 

234- 

7 

109-5 

20 

18  1 

8-5 

80 

72-5 

33*8 

140 
141 

126*9 

59*2 

200 

181*3 

84- 

5    260 

235- 

6 

109-9 

21 

19-0 

8-9 

81 

73-4 

34*2 

127*8 

59*6 

201 

182*2 

84- 

9   2611 

236- 

5 

110*3 

22 

19-9 

9-3 

82 

74-3 

34*7 

142 

128*7 

60*0 

202 

183  1 

85' 

4 

262 

237- 

5 

110*7 

23 

20-8 

9-7 

83 

75-2 

35  1 

.143 

129-6 

60*4 

203 

184*0 

85' 

8 

263 

238- 

4 

111*1 

21 

21-8 

10  1 

84 

76  1 

35*5 

144 

130  *5 

60*9 

204 

184-9 

86" 

2 

264 

239- 

3 

111*6 

25 

22-7 

10-6 

65 

77-0 

35*9 

145 

131*4 

61*3 

205 

185*8 

86' 

6 

265 

240' 

2 

112*0 

2G 

23-6 

11  0 

86 

77-9 

36*3 

146 

132*3 

61*7 

206 

186-7 

87' 

1 

266 

241- 

1 

112*4 

27 

24-5 

11-4 

87 

78-8 

36*8 

147 

133*2 

62*1 

207 

187*6 

87' 

5 

267 

242 

0 

112*8 

2« 

25-4 

11-8 

88 

79-8 

37*2 

148 

134  1 

62*5 

208 

188*5 

87' 

9 

268 

242" 

9 

113*3 

29 

26-3 

12-3 

89 

80-7 

37*6 

149 

135*0 

63*0 

209 

189*4 

88- 

3 

269 

243' 

8 

113*7 

:io 

27-2 

12-7 

90 

81-6 

38*0 

150 

135-9 

63*4 

210 

190*3 

88' 

•7 

270 

244- 

7 

114*1 

31 

28-1 

13-1 

91 

82*5 

38*5 

151 

136*9 

63*8 

211 

191*2 

89 

•2 

271 

245- 

6 

114-5 

32 

29-0 

13*5 

92 

83*4 

38*9 

152 

137*8 

64*2 

212 

192*1 

89 

6 

272 

246' 

5 

115-0 

33     29-9 

13-9 

93 

84*3 

39*3 

153 

138*7 

64-7 

213 

193*0 

90 

■0 

273 

247- 

4 

115*4 

31 

30-8 

14-4 

94 

85*2 

39*7 

154 

139*6 

65*1 

214 

193*9 

90 

'4 

274 

248' 

3 

115*8 

35 

31-7 

14-8 

95 

86*1 

40*1 

155 

140*5 

65*5 

215 

194*9 

90 

9 

275 

249' 

2 

116*2 

3G 

32-6 

15-2 

96 

87  0 

40*6 

156 

141*4 

65*9 

216 

195*8 

91 

•3 

276 

250' 

1 

116*6 

37 

33-5 

15-6 

97 

87*9 

41*0 

157 

142*3 

66*4 

217 

196*7 

91 

'7 

277 

251' 

0 

117*1 

3H 

34-4 

161 

98 

88*8 

41*4 

158 

143*2 

66*8 

218 

197*6 

92 

1 

278 

252 

0 

117*5 

39 

35-3 

16-5 

99 

89*7 

41*8 

159 

144-1 

67-2 

219 

198*5 

92 

•6 

279 

252 

9 

117*9 

40 

36-3 

16-9 

100 

90-6 

42*3 

160 

145*0 

67*6 

220 

199*4 

93 

0 

280 

253 

8 

118-3 

11 

37-2 

17-3 

101 

91*5 

42*7 

161 

145*9 

68*0 

221 

200*3 

93 

■4 

281 

254' 

7 

118-8 

42     SS-l 

17-7 

102 

92*4 

43*1 

162 

146-8 

68*5 

222 

201-2 

93 

-8 

282 

255' 

6 

119-2 

43  i39  0 

18-2 

103 

93*3 

43*5 

163 

147*7 

68-9 

223 

202*1 

94 

'2 

283 

256 

5 

119-6 

4t 

39-9 

18  € 

104 

94*3 

44*0 

164 

148-6 

69*3 

224 

203  0 

94 

•7 

284 

257 

'4 

120  0 

45 

40-8 

19-0 

105 

95*2 

44-4 

165 

149*5 

69*7 

225 

203*9 

95 

•1 

285 

258 

'3 

120*4 

40 

41-7 

19-4 

106 

96  1 

44*8 

166 

150*4 

70*2 

226 

204*8 

95 

•5 

286 

259 

2 

120-9 

4  7   142 -6 

19-9 

107 

97  0 

45*2 

167 

151*4 

70*6 

227 

205*7 

95 

•9 

287 

260 

■1 

121-3 

18  |l3-5 

20-3 

108 

97*9 

45*6 

168 

152*3 

71-0 

228 

206-6 

96 

•4 

288 

261 

•0 

121-7 

49  144-4 

20-7 

109 

98-8 

46-1 

169 

153-2 

71*4 

229 

207*5 

96 

•8 

289 

261 

•9 

122*1 

50 
51 

,15-3 

21  1 

110 

99*7 

46*5 

170 

154  *1 

71-8 

230 

208-5 

97*2 

290 

262 

•8 

122*6 

|4G-2 

21-6 

111 

100*6 

46*9 

171 

155  0 

72*3 

231 

209*4 

97*6 

291 

263 

■7 

123  0 

52   I47I 

22  0 

112 

101*5 

47*3 

172 

155*9 

72*7 

232 

210-3 

98*0 

292 

264 

•6 

123-4 

53     t8-0 

22-4 

113 

102*4 

47*8 

173 

156*8 

73*1 

233 

211*2 

99*5 

293 

265 

*5 

123*8 

51     48-9 

22-8 

114 

103*3 

48*2 

174 

157*7 

73-5 

234 

212-1 

98*9 

294 

266 

■5 

124*2 

53     49 -8 

23-2 

115 

104*2 

48*6 

175 

158-6 

74-0 

235 

213-0 

99*3 

295 

267 

•4 

124*7 

50  '50-8 

23-7 

116 

105*1 

49  0 

176 

159*5 

74-4 

236 

213*9 

99*7 

296 

268 

•3 

125  1 

57  '51-7 

24  •! 

117 

106*0 

49*4 

177 

160*4 

74*8 

237 

214-8 

100*2 

297 

269 

-2 

125  -5 

58 

52-6 

24-5 

118 

106*9 

49*9 

178 

161*3 

75*2 

238 

215*7 

100*6 

298 

270 

•1 

125-9 

59 

53-5 

24-9 

119 

107*9 

50*3 

179 

162*2 

75*6 

239 

216*6 

101*0 

299 

271 

0 

126  4 
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180 
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1 

0-9 

0*4 

61 

54-8 

26-7 

121 

108-8 

53-0 

181 

162-7 

79 

•3 

241 

216-6 

105-6 

2 

1-8 

0-9 

62 

55-7 

27-2 

122 

109-7 

53-5 

182 

163-6 

79 

8 

242 

217-5 

lOi-l 

3 

2-7 

1*3 

63 

56*6 

27*6 

123 

110-6 

53-9 

183 

164*5 

80 

-2 

243 

218-4 

106-5 

4 

3-6 

1-8 

64 

57-5 

28-1 

124 

111-5 

54-4 

184 

165-4 

80- 

7 

244 

219-3 

107-0 

5 

4-5 

2-2 

65 

58-4 

28-5 

125 

112-3 

54-8 

185 

166-3 

81' 

1 

245 

220-2 

107*4 

6 

5*4 

2-6 

66 

59-3 

28-9 

126 

113-2 

55-2 

186 

167-2 

81- 

5 

246 

221-1 

107-8 

^ 

6-3 

31 

67 

60-2 

29-4 

127 

1141 

55-7 

187 

168-1 

82' 

0 

247 

222-0 

108-3 

8 

7-2 

3-5 

68 

61-1 

29-8 

128 

115-0 

56-1 

188 

169-6 

82* 

4 

248 

222-9 

108-7 

9 

8-1 

3-9 

69 

62-0 

30-2 

129 

115-9 

56-5 

189 

169-9 

82* 

9 

249 

223-8 

109-2 

10 

9  0 

4-4 

70 

62-9 

80-7 

130 

116-8 

57-0 

190 

170-8 

83- 

3 

250 

224-7 

109-6 

11 

9-9 

4-8 

71 

63-8 

31-1 

131 

117-7 

57-4 

191 

171-7 

83- 

7 

251 

225-6 

110-0 

12 

10-8 

6-3 

72 

64*7 

31*6 

132 

118-6 

57-9 

192 

172*6 

84* 

2 

252 

226-5 

110-5 

13 

11-7 

6*7 

73 

65-6 

32-0 

133 

119-6 

58-3 

193 

173-5 

84- 

6 

253 

227-4 

110-9 

14 

12-6 

6-1 

74 

66-5 

32-4 

134 

120-4 

58-7 

194 

174-4 

85< 

0 

254 

228-3 

111-3 

13 

13*5 

6-6 

75 

67-4 

32-9 

135 

121-3 

59*2 

195 

175-3 

85  • 

5 

255 

229-2 

111-8 

16 

14*4 

7  0 

76 

68-3 

33-3 

136 

122-2 

59-6 

196 

176-2 

85* 

9 

256 

230*1 

112-2 

17 

15-3 

7-5 

77 

69*2 

33-8 

137 

123-1 

60-1 

197 

177-1 

86' 

'4 

257 

231*0 

112-7 

18 

16*2 

79 

78 

70*1 

34-2 

138 

124-0 

60*5 

198 

178-0 

86 

8 

258 

231-9 

113  I 

19 

17-1 

8-3 

79 

71  0 

34-6 

139 

124-9 

60-9 

199 

178-9 

87 

2 

^9 

232-8 

113-5 

20 

18  0 

8*8 

80 

71*9 

35*1 

140 

125.8 

61-4 

200 

179-8 

87' 

7 

260 

233*7 

114-0 

21 

18-9 

9*2 

81 

72*8 

35-5 

141 

126-7 

61-8 

201 

180-7 

88 

1 

261 

234-6 

114-4 

22 

19-8 

9-6 

82 

73-7 

35-9 

142 

127-6 

62-2 

202 

181-6 

88' 

6 

262 

235*5 

114-9 

23 

20-7 

10*1 

83 

74-6 

36-4 

143 

128-5 

62-7 

203 

182-5 

89 

6 

263 

236-4 

115-3 

24 

21-6 

10-5 

84 

75-5 

36-8 

144 

129-4 

63-1 

204 

183-4 

89 

•4 

264 

237-3 

115-7 

23 

22-5 

11-0 

85 

76-4 

37-3 

145 

130-3 

63-6 

205 

184*3 

89 

9 

265 

238-2 

116-2 

26 

23*4 

11-4 

86 

77-3 

37-7 

146 

131*2 

64-0 

206 

185*2 

90 

3 

266 

239*1 

116-6 

27 

24-3 

11-8 

87 

78-2 

38-1 

147 

132-1 

64-4 

207 

186  1 

90 

•7 

267 

240-0 

117  0 

28 

25*2 

12-3 

88 

79  1 

38*6 

148 

133-0 

64-9 

208 

186*9 

91 

'2 

268 

240-9 

117*5 

29 

26  1 

12-7 

89 

80-0 

39-0 

149 

133-9 

65*3 

209 

187-8 

91 

6 

269 

241-8 

117-9 

30 

27-0 

13-2 

90 

80*9 

39-5 

150 

134-8 

65-8 

210 

188*7 

92 

•1 

270 

242-7 

118-4 

31 

27*9 

13-6 

ii 

81-8 

39-9 

151 

135-7 

66-2 

211 

189-6 

92 

'5 

271 

243*6 

118-8 

32 

28-8 

14-0 

92 

82-7 

40-3 

152 

136-6 

66-6 

212 

190-5 

92 

9 

272 

244-5 

119*2 

33 

29-7 

14-5 

93 

83*6 

40-8 

153 

137-5 

67-1 

213 

191-4 

93 

•4 

273 

245-4 

119-7 

34 

30*6 

14-9 

94 

84*5 

41*2 

154 

138-4 

67*5 

214 

192-3 

93 

8 

274 

246-3 

120-1 

36 

31-5 

15*3 

95 

85*4 

41-6 

155 

139*3 

67-9 

215 

193*2 

94 

-2 

275 

247*2 

120-6 

36 

32-4 

15-8 

96 

86-3 

42-1 

156 

140*2 

68-4 

216 

194-1 

94 

7 

276 

248  1 

121-6 

37 

33-3 

16*2 

97 

87-2 

42-5 

157 

141*1 

68-8 

217 

195*0 

95 

•1 

277 

249-0 

121*4 

38 

34*2 

16-7 

98 

88-1 

43-0 

158 

142  0 

69-3 

218 

195-9 

95 

•6 

278 

249*9 

121*9 

39 

35-1 

17*1 

99 

89-0 

43-4 

159 

142-9 

69-7 

219 

196*8 

96 

•0 

279 

250-8 

122*9 

40 

36  0 

17-5 

100 

89-9 

43-8 

160 

143-8 

70  1 

220 

197*7 

96 

A 

280 

251*7 

122-7 

41 

36-9 

18*0 

101 

90-8 

44-3 

161 

144-7 

70-6 

221 

198-6 

96 

•9 

281 

252*6 

123  2 

49 

37*7 

18*4 

102 

91*7 

44-7 

162 

145-6 

71  0 

222 

199*5 

97 

3 

282 

253*5 

123-6 

43 

38*6 

18*8 

103 

92  6 

45*2 

163 

146-5 

71*5 

223 

200-4 

97 

•8 

283 

254-4 

124-1 

44 

39*5 

19*3 

104 

93*5 

45*6 

164 

147*4 

71-9 

224 

201 -3  J 

98 

•2 

284 

255*3 

124-5 

43 

40*4 

19*7 

105 

94*4 

46-0 

165 

148-3 

72-3 

225 

202*2 

98 

•6 

285 

256-2 

124-9 

46 

41*3 

20*8 

106 

95*3 

46*5 

166 

149*2 

72-8 

226 

203*1 

99 

■1 

286 

257-1 

125*4 

47 

42*2 

tfO'6 

107 

96*2 

46*9 

167 

150-1 

73*2 

227 

204*0 

99 

•5 

287 

258*0 

125-8 

48 

45.1 

^10 

lOH 

97*1 

47*3 

168 

151-0 

73-6 

228 

204-9 

99 

•9 

288 

258-9 

126-3 

49 

44  0 

tfr6 

)09 

98*0 

47*8 

169 

151-9 

74  1 

229 

205*8 

100 

•4 

289 

259-8 

126-7 

60 

44*9 

45 'g" 

»l*9 

'ui*4 

tin 

98-9 

48*2 

170 

152-8 

74-5 

230 

206-7 

100 

-8 

290 

260*7 

127-1 

99*8 

48*7 

171 

153*7 

75  0 

231 

207-6 

101 

•3 

291 

261-5 

127*6 

69 

46*7 

22*8 

112 

100-7 

49*1 

172 

154-6 

75-4 

232 

206-5 

101 

•7 

292 

262-4 

128*0 

63 

47*6 

25*2 

113 

101*6 

49*5 

173 

155*5 

75*8 

233 

209*4 

102 

•1 

293 

263-3 

128*4 

64 

48*5 

83*7 

114 

102*5 

50*0 

174 

156-4 

76-3 

234 

210*3 

102 

■6 

294 

264*2 

128-9 

6» 

40*4 

24*1 

115 

103*4 

50*4 

175 

157*3 

76*7 

235 

211*2 

103 

0 

295 

265-1 

129*3 

6a 

^0*^ 

24*5 

116 

104*3 

50*9 

176 

158*2 

77-2 

236 

212-1 

103 

•5 

296 

266-0 

129-8 

6' 

61*9 

85*0 

117 

105*2 

51*3 

177 

159  1 

77*6 

237 

213*0 

103 

'9 

297 

266-9 

130-2 

1   * 

6H 

^U'l 

25*4 

118 

106*1 

51*7 

178 

160*0 

78-0 

238 

213-9 

104 

3 

298 

267*8 

130-6 

t\'s\    0 

25*9 

119 

107  0 

52*2 

179 

160*9 

78*5 

239 

214*8 

104 

8 

299 

268*7 

131*1 

^\\\    ft.^W 

2A  \1 

120 

107-9 

52*6 

180 

161*8   78-91 

240 

215*7 

105-2 

300 

269-6 

131*5 

"mii 

T!)<»p. 

Ut.|IHiti  Dep.  1  Ltt.| 

Dittj 

Dep« 

Lit. 

Ditt 

Dep. 

UL 

64' 

8  4h 

.  16] 

»• 

TABLK    2. 

43    1 

Inverse  Td)le  to  27  Degrees  s  Ih.  4Sm.                        1 

Diit 

IjA. 

Dep.  (Dirt 

Lilt. 

Dep. 

loirt,   Lit 

Dep. 

Digt 

UL 

Dep. 

Dis^ 

Lat. 

Dep. 

1 

0-9 

0-5 

61 

54*4 

27-7 

121 ,  107 

•8 

54-9 

181 

161 

•3 

82 

•2 

241 

214 

•7 

109*4 

2 

1-8 

0-9 

62 

55-2 

28-1 

122 

108 

7 

55-4 

182 

162 

'2 

82 

•6 

242 

215 

•6 

109*9 

3 

2-7 

1-4 

63 

561 

28*6 

123 

109 

'6 

55*8 

183 

163 

•1 

83 

•1 

243 

216 

•5 

110*3 

4 

3-6 

1-8 

64 

57-0 

29-1 

124 

110 

•5 

56*3 

184 

163 

•9 

83 

•5 

244 

217 

•4 

110*8 

5 

4-5 

2-3 

65 

67-9 

29*5 

125 

111 

'4 

56-7 

185 

164 

8 

84 

0 

245 

218 

•3 

111-2 

6 

5-3 

2-7 

66 

58-8 

30-0 

126 

112 

3 

57-2 

186 

165 

■7 

84 

•4 

246 

219 

■2 

111*7 

7 

6*2 

8  2 

67 

69-7 

30-4 

127 

113 

2 

57-7 

187 

166 

•6 

84' 

9 

247 

220 

•1 

112-1 

8 

7  1 

3-6 

68 

60-6 

30-9 

128 

114' 

0 

58*1 

188 

167 

'5 

85 

4 

248 

221 

0 

112.6 

9 

8-0 

4-1 

69 

61-5 

31-3 

129 

114' 

9 

58-6 

189 

168 

•4 

85' 

8 

249 

821' 

•9 

113-0 

10 

8-9 

4-5 

70 

62*4 

31-8 

130 

115' 

8 

59*0 

190 

169 

3 

86 

3 

250 

222' 

•8 

113*5 

11 

9-8 

5-0 

71 

63*3 

32-2 

131 

116 

•7 

59*5 

191 

170 

•2 

86 

■7 

251 

223 

6 

114*0 

12 

10-7 

3-4 

72 

64-2 

32-7 

132 

117 

6 

59*9 

192 

171 

•1 

87 

2 

252 

224' 

•5 

114*4 

13 

11-6 

5-9 

73 

65  0 

33  1 

133 

118' 

'5 

60*4 

193 

172 

0 

87 

6 

253 

225' 

-4 

114*9 

14 

12-6 

6-4 

74 

65-9 

33*6 

134 

119 

'4 

60*8 

194 

172' 

'9 

88' 

1 

254 

226' 

3 

115*3 

15 

13-4 

6-8 

75 

66-8 

34  0 

135 

120' 

3 

61*3 

195 

173 

7 

88' 

5 

255 

227 

2 

115-8 

16 

14-3 

7-3 

76 

67-7 

34-5 

136 

121 

2 

61*7 

196 

174 

6 

89 

0 

256 

228' 

1 

116-2 

17 

15-1 

7-7 

g 

68-6 

35-0 

137 

122' 

1 

62*2 

197 

175 

5 

89 

4 

257 

229- 

0 

116-7 

18 

16-0 

8-2 

69-5 

35-4 

138 

123 

0 

62-7 

198 

176 

4 

89' 

9 

258 

229' 

9 

117-1 

19 

16-9 

8-6 

79 

70-4 

35*9 

139 

123' 

8 

63-1 

199 

177' 

3 

90- 

3 

259 

230' 

8 

117*6 

20 

17-8 

9'1 

80 

71-3 

36*3 

140 

124' 

■7 

63-6 

200 

178' 

2 

90' 

8 

260 

231- 

7 

118-0 

21 

18-7 

9-5 

81 

72-2 

36*8 

141 

125' 

6 

64-0 

201 

179' 

1 

91- 

3 

261 

232' 

6 

118*5 

22 

19-6 

10-0 

82 

73  1 

37*2 

142 

126' 

5 

64-5 

202 

180' 

0 

91- 

7 

262 

233' 

4 

118-9 

23 

20-5 

10-4 

83 

74-0 

37*7 

143 

127' 

4 

64-9 

203 

180' 

9 

92- 

2 

263 

234' 

3 

119*4 

24 

21-4 

10-9 

84 

74-8 

38*1 

144 

128' 

3 

65-4 

204 

181' 

8 

92- 

6 

264 

235' 

2 

119*9 

25 

22-3 

11-3 

85 

75-7 

38*6 

145 

129' 

2 

65-8 

205 

182' 

7 

93* 

1 

265 

236' 

1 

120-3 

26 

23-2 

11-8 

86 

76-6 

39-0 

146 

130' 

1 

66-3 

206 

183 

5 

93' 

5 

266 

237' 

0 

120-8 

27 

24-1 

12*3 

87 

77-5 

39*5 

147 

131' 

0 

66*7 

207 

184' 

4 

94* 

0 

267 

237' 

9 

121*2 

28 

24-9 

12-7 

88 

78-4 

40*0 

148 

131' 

9 

67-2 

208 

185 

3 

94' 

4 

268 

238' 

8 

121*7 

29 

25-8 

13-2 

89 

79-3 

40*4 

149 

132' 

8 

67-6 

209 

186 

2 

94' 

9 

269 

239' 

7 

122-1 

30 

26-7 

13-6 

90 

80-2 

40*9 

150 

133' 

7 

68*1 

210 

187' 

1 

95' 

3 

270 

240 

6 

122*6 

31 

27-6 

14-1 

91 

81*1 

41*3 

151 

134- 

5 

68-6 

211 

188 

0 

95 

8 

271 

241 

•5 

123*0 

32 

28-5 

14-5 

92 

82-0 

41*8 

152 

135' 

4 

69*0 

212 

188' 

9 

96 

2 

272 

242 

•4 

123*5 

33 

29-4 

15-0 

93 

82-9 

42*2 

153 

136 

3 

69*5 

213 

189' 

'8 

96 

7 

273 

243 

•2 

123*9 

34 

30-3 

15-4 

94 

83.8 

42*7 

154 

137 

2 

69*9 

214 

190' 

'7 

97 

2 

274 

244 

•1 

124-4 

35 

31-2 

15-9 

95 

84*6 

45*1 

155 

138' 

1 

70*4 

215 

191 

6 

97 

6 

275 

245 

0 

124*8 

36 

32-1 

16-3 

96 

85-5 

43-6 

156 

139' 

0 

70*8 

216 

192 

•5 

98 

1 

276 

245 

■9 

125*3 

37 

33-0 

16-8 

97 

86*4 

44-0 

157 

139' 

9 

71*3 

217 

193 

3 

98 

5 

277 

246 

•8 

125*8 

38 

33-9 

17-8 

98 

87*3 

44*5 

158 

140' 

8 

71*7 

218 

194 

2 

99 

0 

278 

247 

•7 

126*2 

39 

34-7 

17-7 

99 

88*2 

44-9 

159  1 141  • 

'7 

72-2 

219 

195 

1 

99 

*4 

279 

248 

•6 

126*7 

40 

35-6 

18-2 

100 

89*1 

45*4 

160 '  142- 

6 

72  6 

220 

196 

0 

99 

9 

280 

249 

•5 

127  1 

41 

36-5 

18-6 

101 

90  0 

45*9 

161   143 

5 

73  1 

221 

196 

•9 

100 

3 

281 

250 

'4 

127*6 

42 

37-4 

19-1 

102 

90*9 

46-3 

162   144' 

3 

73-5 

222 

197 

'8 

100 

•8 

282 

251 

•3 

128*0 

13 

38-3 

19*5 

103 

91-8 

46-6 

163  ,  145  • 

2 

74-0 

223 

198 

■7 

101 

2 

283 

252 

•2 

128  5 

44 

39-2 

20-0 

104 

92-7 

47-2 

164   146' 

1 

74*5 

224 

199 

•6 

101 

7 

284 

253 

0 

128-9 

45 

40-1 

20-4 

105 

93-6 

47-7 

165   147' 

0 

74*9 

225 

200 

'5 

102 

1 

285 

253 

'9 

129-4 

46 

41-0 

20*9 

106 

94*4 

48-1 

166   147' 

9 

75*4 

226 

201' 

»4 

102 

6 

286 

254' 

-8 

129-8 

47 

41-9 

21-3 

107 

95*3 

48-6 

167 !  148  • 

8 

75*8 

22Z 

202 

•3 

103 

1 

287 

255 

7 

130-3 

4B 

42-8 

21-8 

108 

96-2 

49-0 

168 !  149  • 

7 

76*3 

228 

203 

•1 

103 

'5 

288 

256' 

6 

130-7 

49 

43-7 

22-2 

109 

97*1 

49-5 

169   150- 

6 

76-7 

229 

204 

0 

104' 

0 

289 

257' 

5 

131-2 

50 

44-6 

22-7 

110 

98  0 

49*9 

170   151' 

5 

77  2 

230 

204' 

•9 

104' 

'4 

290 

258' 

4 

131-7 

51 

45*4 

23-2 

111 

98*9 

50*4 

171    152 

-4 

77-6 

231 

205* 

9 

104 

9 

291 

259' 

3 

132-1 

52 

46-3 

23-6 

112 

99*8 

50-8 

172   153 

3 

78*1 

232 

206 

7 

105' 

3 

292 

260' 

2 

132-6 

53 

47-2 

24  1 

113 

100*7 

51*3 

173   154 

1 

78*5 

233 

207 

6 

105' 

•8 

293 

261' 

1 

133  0 

34 

48-1 

24-5 

114 

101-6 

51-8 

174 ,  155 

•0 

79*0 

234 

208' 

'5 

106 

2 

294 

262 

0 

133-5 

55 

49-0 

25  0 

115 

t02*5 

52*2 

175   155 

•9 

79*4 

235 

209 

4 

106 

7 

296 

262 

8 

133-9 

56 

49-9 

25-4 

116 

103-4 

52-7 

176   156 

-8 

79*9 

236 

210 

3 

107 

1 

296 

263' 

7 

134-4 

57 

50-8 

25-9 

117 

104-2 

53*1 

177   157 

•7 

80*4 

237 

211 

■8 

107 

6 

297 

264 

6 

134-8 

58 

51-7 

26-3 

118 

105*1 

53*6 

178   158 

-6 

80-8 

238 

212 

1 

108 

0 

298 

265 

'5 

135-3 

59 

52-6 

26*8 

119 

106*0 

54-0 

179   159 

•5 

81-3 

239 

213 

0 

108 

5 

299 

266 

•4 

135-7 

1  60 

53-6 

27-2 

120 

106*9 

54-5 

180.160-4 

81-7 

240 

213-8 

109-0 

300 

267*3 

136-2 

In. 

Dflp<« 

lML\Dm 

Dep. 

IM. 

Diet.  Dep.  |  Lut.  |Dist 

D6p. 

ttt 

Dif^ 

Dep. 

lilt. 

1 

63^  :tz  A.  12m. 

^^ 

■■■■ 
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TABLE    2. 
Traverse  Table  to  28  Degrees^lli.  52iii. 


iHst  LmIL 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

U 
12 
13 
14 
15 
16 
17 
18 
19 
ei> 

21 
22 
23 
21 

25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
JO 

41 
42 
43 
44 

45 

46 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


i>q>| 


Dist 


LbL 


0 
1 
2 
3 
4 
5 
6 
i 
7 
8 


9 
8 
6 
5 
4 
3 
•2 
I 
9 
'8 


0 
0 
1 
1 
2 
2 
3 
3 
4 
4 


•5 
•9 
•4 

•9 
•3 

•8 

•3 

•8 
.♦> 


10-6 
11-5 
12-4 
13-2 

14  1 

15  0 
15-9 
16-8 
V7-7 

18  o 
19-4 

20  -3 

21  *2 

22  *l 

23  0 
23  -8 
24-7 

25  '6 

26  -5 

27-4 

28-3 
2.)  1 
30-0 

30  -9 

31  -8  < 
32-7. 
33-6 
34-4. 
35  -3 

36-2 
37-11 
38  -0 . 
38  -8  I 
39-71 
40-61 
41-5 
42-4 

43  -3 ' 

44  1  ! 


5  2 
5-6 
6-1 
6-6 
7  0 

7  5 

8  0 

8  5 
8-0 

9  4 


14-6 
15  0 

15  -5 

16  0 
16-4 
16-9 
17 
17 
18 
18 


•4 

•8 
'3 

•8 


19*2 
19-7 
20-2 
20-7 
21-1 
21-6 
22-1 
22-5 
23  0 
23-5 


61 
62 
63 
64 
65 
66 
67 
6:^ 
69 
70 


53-9 

54-7 

55*6 

56 

57 

58 

50 

GO 

60 

61 


iJCpm 


28 
29 
•29 
30 
30 
31 
31 
31 
32 
32 


■6 
■1 
■6 
•0 
•5 
•0 
•5 
•9 
•4 
•9 


Db^l 


■^' 


UL 


71 
72 
73 
74 

75 
76 

»  » 

78 
79 

80 


62 


9-9 

81 

10-3 

82 

10-8 

8.^ 

11-3 

84 

11-7 

85 

12-2 

86 

12-7 

87 

13  1 

88 

13-6 

89 

141 

90 

63 
04 

65 
66 

67 
6** 

69*8 

TT 

72 
73 
74 
75 


33  -3 

33-8 

34-3 

34 

35 

35 

36 

36 

37 

37 


't 
•2 
■7 
•1 
•6 
•1 
'6 


91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

ToT 

102 
103 
104 
105 
106 
107 
108 
109 

no 


5 
4 

3 
2 
1 
75-9 
76-8 
77-7 
78-6 

"JL'i 

80  -3 
81-2 
82-1  i 
83  0 
83-9' 
84-8 
85-6 
86 
87 
.88 


5' 

4  1 
3! 


38  0 
38-5 
59  0 
39-4 
39-9 
40-4 
40-8 
41-3 
41-8 

42-7 

43-2 

43-7 

44  1 

44 

45 

45 

46 

46 


6 
1 
5 
0 
5 
46-9 


89-2 

90-1 

90-9. 

91-81 

92-7! 

93-6 

94-5 

95  -4 

96-2' 

97-1  ' 


47-4 
47-9 

48-4 

48-8 

49-3 

49 

50 

50 

51 

51 


45  0 
45-9 
46-8 
47-7 
48*6 
49-4 
50-3 
51-2 
52-1 
53-0 


111  98-0 

112  98-9; 

113  99-8 

114  100-7.' 

115  101*5 

116  102-4' 

117  103-3 
UB  104-2 

-.    .     110  105-1 
28 -2 1 120  106-0 


23 
24 
24 
25 
25 
26 
26 
27 


•9 
•4 
•9 
•4 

•8 
•3 
•8 
2 


27-7 


521 
52-6 
53 


53 
54 
54 
54 
55 
55 


•1 
-5 
•0 
•5 
•9 
•4 
-9 


56-3 


21 

22  I 

23 

24 

25 

26 

27 

28 

29 

30 


106 
107 
108 
109 
110 
111 
112 
113 
113 
114 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


115 
116 
117 
118 
119 
120 
121 
121 
122 
123 


41  1 124 

42  i  125 

43  126 

44  1 127 

45  128 


46 
47 
48 

49 
50 


128 
129 
130 
131 
132 


M  133 
52.134 
&3.135 
54  1136 


55 
56 
57 
58 
59 
60 


136 
137 

138 
139 
140 
141 


61 
62 
63 
64 


142 
143 
143 
144 


651145 
66  1 146 
67 ! 147 
68,148 


69 
70 


149 
150 


71 
72 
73 
74 

75 
76  < 

771 
78! 
79| 
80 


151 
151 
152 
153 
154 
155 
156 
1-57 
158 
158 


Bep. 


56 
57 
57 
58 
58 
59 
59 
60 
60 
61 


61 
62 
68 
62 
63 
63 
64 
64 
65 
65 


66 
66 
67 
67 
68 
68 
69 
69 
70 
70 


70 
71 
71 
72 
72 
73 
73 
74 
74 
75 


75 
76 
76 
77 
77 
77 
78 
78 
79 
79 


Lat.  I  Dist  Dep.  |  Lat.  |  Dist,  Dep. 


80 
80 
81 
81 
82 
82 
83 
83-6 


84 
84 


Di8t 


181 
182 
183 
184 
1.85 
186 
187 
188 
189 
190 


Lat. 


159-8 


160 
161 
162 
163 
164 
165 
166 
166 


167-8 


191 
192 
193 
194 
195 
196 
197 
198 
199 
200 


•6 
-5 
'4 
'3 
•2 


168 

169 

170 

171 

172 

173-1 

173-9 

174-8 

175-7 

176-6 


201  I 

202  1 

203  1 
204 
205 
206 
207 
208 
209 
210 


•2 
7 
2 
6 
1 


0 
5 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


221 
222 
223 
224 
225 
226 
227 
228 
229 


177 

178 

179 

180-1 

181-0 

181-9 

182*8 

183-7 

184-5 

185-4 


186-3 

187-2 

188-1 

189-0 

189-8 

190 

1»1 

192 

193 

194 


Dep. 


85 
85 
85 
86 
86 
87 
87 
88 
88 
88 


89 
9« 
9« 
91 
91 
92 
92 
93 
93 
93 


94 

94 
95 
95 
96 
96 
97 
97 
98 
98 


99 
99 
100 
iOO 
100 
VIA 

im 

102 
102 
106 


195 
196 
196 
197 
198 
199 
200 
201 
202 


230  ;  203 


231 
232 
233 
234 
235 
236 
237 
238 
239 
240 


204-0 

204-8 

205 

206 

207 

208 

209 

210-1 

211-0 

211-9 


-7 
•6 
■5 
■4 
•3 


103 
1.04 
104 
105 
L05 
106 
106 
107 
107 
108 


Lat.  \  Distj  Dep. 


108 
108 
109 
109 
110 
110 
111 
111 
112 
112 


Disk'   Lat 


241, 212 -8 
242)213-7 
243;  214 -6 
244.215-4 
245,216-3 
246  217*2 
247;  218  1 

248  1219-0 

249  1219-9 

250  220-7 


Dep. 


113-1 
113-6 
114-1 
114-6 
115-0 
115-5 
116-0 
116-4 
116-9 
117-4 


251  i  221 

252  S22 
253 :  223 


254 
255 


224 
225 


256  226 

257  1 226 

258  227 

259  228 
2601229 


6 
•5 
•4 
•3 
•2 
•0 
•9 
•8 
•7 
-6 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


230 

231 

232 

233-1 

234-0 

234 

235 

236 

237 

238 


-9 
-7 
-6 
•5 
•4 


271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


239-3 
240-2 
241-0 
241-9 
242-8 


243 
244 
246 
246 


247-2 


7 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


248-1 

249-0 

249-9 

250-8 

251-6 

252 

253 

254 

255 

256 


•5 
•4 
•3 
-2 
•1 


291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


256-9 
257-8 


258 

259 

260 

261 

262 

263-1 

264-0 

264-9 


117-9 
118-3 
118-8 
119-2 
119-7 
120-2 
120-7 

121  1 
121-6 

122  1 


122-5 
123  0 
123-5 
123-9 
124-4 
124-9 
125-3 
125-8 
126-3 
126-8 


127-2 
127-7 
128-2 
128-6 

129  1 
129-6 
130-0 
130-5 
131-0 
131-5 


131.9 
132-4 
132-9 
133-3 
133-8 
134. 3 
134-7 
135-2 
135-7 
136-1 


136-6 
137-1 
137-6 
139-0 
138-5 
139-0 
139-4 
139-9 
140-4 
140-8 


Lat.  I  Dist   Dep. 


Lot. 


.62^  =  4h.  Sm. 


TABT.E  2. 

TTI 

Traverse  Table  to  29  Degrees  =  Ih.  56m                            1 

Dist 

Lat.  ] 

Dep.  |Di8t 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

58-7 

Dist 

Lat. 

Dep. 

Dist     Lat. 

Dep. 

1 

0-9 

0-5 

61 

53-4 

29-6 

121 

105-8 

181 

158-3 

87*8 

241 

210*8 

116-8 

2 

1-7 

1-0 

62 

54-2 

30  1 

122 

106*7 

59  1 

182 

159*2 

88-2 

242 

211*7 

117*3 

3 

2-6 

1-5 

63 

55-1 

30-5 

123 

107*6 

59-6 

183 

160*1 

88-7 

243 

212-5 

117*8 

4 

3-5 

1*9 

64 

56-0 

31*0 

124 

108-5 

60  1 

184 

160-9 

89-2 

244 

213-4 

118*3 

5 

4*4 

2-4 

65 

56-9 

31*5 

125 

109-3 

GO -6 

185 

161-8 

89-7 

245 

214*3 

118*8 

6 

5-2 

2-9 

66 

57-7 

32*0 

126 

110-2 

61*1 

186 

162-7 

90-2 

246 

215*2 

119-3 

7 

61 

3-4 

67 

58-6   32 -51 

127 

111-1 

61*6 

187 

163-6 

90-7 

247 

216-0 

119*7 

8 

7  0 

3-9 

68 

59-5 

33*0 

128 

112-0 

62  1 

188 

164*4 

91*1 

248 

216*9 

120-2 

9 

7-9 

4-4 

69 

60-3 

33*5 

129 

112-8 

62-5 

189 

165-3 

91*6 

249 

217*8 

120-7 

10 

8-7 

4-8 

70 

61-2   33 -91 

130 

113*7 

63*0 

190 

166*2 

92  1 

250 

218*7 

121-2 

11  ! 

9-6 

5-3 

71 

62  1 

34*4 

131 

114-6 

63-5 

191 

167*1 

92*6 

251 

219*5 

121-7 

12  |10-5| 

5-8 

72 

63  0 

34-9 

132 

115*4 

64-0 

192 

167*9 

93*1 

252 

220*4 

122-2 

13 

11-4 

6-3 

73 

63-8 

35*4 

133 

116*3 

64*5 

193 

168*8 

93*6 

253 

221*3 

122-7 

14 

12-2 

6-8 

74 

64-7 

35*9 

134 

117*2 

65  0 

194 

169*7 

94*1 

254 

222*2 

123*1 

15 

13-1 

7-3 

75 

65-6 

36*4 

135 

118  1 

65-4 

195 

170*6 

94*5 

255 

223  0 

123*6 

16 

14  0 

7-8 

76 

66-5 

36*8 

136 

118-9 

65*9 

196 

171*4 

95*0 

256 

223*9 

124*1 

17 

14-9 

8-2 

77 

67-3 

37*3 

137 

119-8 

66*4 

197 

172*3 

95*5 

257 

224-8 

124*6 

18 

15-7 

8-7 

78 

68-2 

37*8 

138 

120-7 

66*9 

198 

173*2 

96*0 

258 

225*7 

125*1 

19 

16-6 

m 

79 

69  1 

38-3 

139 

121*6 

67*4 

199 

174  0 

96*5 

259 

226*5 

125*6 

20 

17-5 

80 
81 

70  0 

38*8 

]40 

122-4 

67*9 

200 

174*9 

97*0 

260 

227*4 

126*1 

21 

18  4 

10-2 

70-8 

39*3 

141 

123*3 

68-4 

201 

175*8 

97*4 

261 

228*3 

126*5 

22 

19-2 

10-7 

82 

71-7 

39*8 

142 

124*2 

68*8 

202 

176*7 

97*9 

262 

229*2 

127  0 

23 

201 

11-2 

83 

72-6 

40*2 

143 

125*1 

69-3 

203 

177*5 

98-4 

263 

230-0 

127*5 

24 

21  0 

11-6 

84 

73-5 

40*7 

144 

125*9 

69-8 

204 

178*4 

98-9 

264 

230-9 

128*0 

25 

21-9 

12-1 

85 

74-3 

41-2 

145 

126*8 

70-3 

205 

179*3 

99-4 

265 

231-8 

128*5 

26 

22-7 

12-6 

86 

75-2 

41-7 

146 

127*7 

70-8 

206 

180*2 

99*9 

266 

232-6 

129*0 

27 

23-6 

13-1 

87 

76  1 

42*2 

147 

128-6 

71*3 

207 

181-0 

100-4 

267 

233-5 

129*4 

28 

24-5 

13-6 

88 

77  0 

42-7 

148 

129*4 

71*8 

208 

181*9 

100-8 

268 

234-4 

129-9 

29 

25-4 

14.1 

89 

77-8 

43*1 

149 

130*3 

72-2 

209 

182*8 

101*3 

269 

235-3 

130-4 

30 
31 

26-2 

14-5 

90 

78-7 

43*6 

150 

131*2 

72-7 

210 

183*7 

101*8 

270 

236*1 

130*9 

27  l 

15  0 

91 

79-6 

44  1 

151 

132-1 

73-2 

211 

184*5 

102*3 

271 

237*0 

131*4 

•32 

28-0 

15-5 

92 

80-5 

44-6 

152 

132-9 

73-7 

212 

185*4 

102*8 

272 

237*9 

131*9 

33 

28-9 

16  0 

93 

81-3 

45-1 

153 

133-8 

74-2 

213 

186-3 

103*3 

273 

238*8 

132-4 

34 

29-7 

16-5 

94 

82-2 

45-6 

154 

134-7 

74-7 

214 

187*2 

103*7 

274 

239*6 

132*8 

35 

30-6 

17  0 

95 

83  1 

46  1 

155 

135-6 

75*1 

215 

188*0 

104*2 

275 

240*5 

133*3 

36 

31-5 

17-5 

96 

84  0 

46*5 

156 

136*4 

75-6 

216 

188-9 

104-7 

276 

241*4 

133*8 

37 

32-4 

17-9 

97 

84-8 

47*0 

157 

137*3 

76-1 

217 

189-8 

105-2 

277 

242*3 

134*3 

38 

33-2 

18-4 

98 

85-7 

47*5 

158 

138*2 

76*6 

218 

190*7 

105*7 

278 

243*1 

134-8 

39 

34  1 

18-9 

99 

86-6 

48-0 

159 

139*1 

77*1 

219 

191*5 

106*2 

279 

244*0 

135*3 

40 

41 

35  0 

19-4 

100 

87-5 

48-5 

160 

139*9 

77*6 

220 

192*4 

106*7 

280 

244*9 

135*7 

35-9 

19-9 

101 

88-3 

49*0 

161 

140*8 

78-1 

221 

193*3 

107  1 

281 

245*8 

136*2 

42 

36-7 

20-4 

102 

89-2 

49*5 

162 

141*7 

78*5 

222 

194-2 

107*6 

282 

246-6 

136*7 

43 

37-6 

20-8 

103 

90  1 

4^-9 

163 

142-6 

79-0 

223 

195*0 

108-1 

283 

247*5 

137*2 

44 

38-5 

21-3 

104 

91  0 

50-4 

164 

143*4 

79*5 

224 

195*9 

108*6 

284 

248-4 

137*7 

45 

39-4 

21-8 

105 

91-8 

50-9 

165 

144*3 

80*0 

225 

196*8 

109  1 

285 

249-3 

138*2 

46 

40-2 

22-3 

106 

92-7 

51-4 

166 

145*2 

80*5 

226 

197*7 

109*6 

286 

250-1 

138*7 

47 

411 

22-8 

107 

93-6 

51-9 

167 

146*1 

81*0 

227 

198-5 

110*1 

287 

251*0 

139*1 

48 

42  0 

23.3 

108 

94-5 

52*4 

168 

146-9 

81*4 

228 

199-4 

110-5 

288 

251*9 

139-6 

49 

42*9 

23-8 

109 

95-3 

52-8 

169 

147*8 

81*9 

229 

200*3 

111-0 

289 

252*8 

140*1 

50 
51 

43-7 

24-2 

110 

96-2 

53-3 

170 

148*7 

82*4 

230 

201-2 

111*5 

290 

253*6 

140*6 

44-6 

24-7 

111 

971 

53-8 

171 

149-6 

82-9 

231 

202-0 

112-0 

291 

254-5 

141  1 

52 

45-5 

25-2 

112 

98-0 

54*3 

172 

150*4 

83-4 

232 

202-9 

112-5 

292 

255-4 

141-6 

53 

46-4 

25*7 

113 

98-8 

54*8 

173 

151-3 

83*9 

233 

203*8 

1130 

293 

256-3 

142-0 

54 

47-2 

26-2 

114 

99-7 

55-3 

174 

152*2 

84*4 

234 

204*7 

113-4 

294 

257*1 

142*5 

55 

48-1 

26-7 

115 

100-6 

55*8 

175 

153*1 

84-8 

235 

205*5 

113*9 

295 

258-0 

143*0 

56 

49  0 

27-1 

116 

101*5   56*2 

176 

153*9 

85*3 

236 '  206  -4 

114*4 

296 

258*9 

143*5 

57 

49-9 

27-6 

117 

102-3   56-7 

177 

154-8 

85*8 

237 1 207  3 

114*9 

297 

259-8 

144*0 

58 

50-7 

28-1 

118 

103-2   57*2 

178 

155-7 

86*3 

238 

208*2 

115*4 

298 

260-6 

144*5 

59  ;  51  -6 

28-6 

119 

104*1   57-7 

179 

156-6 

86*8 

239 ;  209  -0 

115*9 

299 

261-5 

145-0 

60 
Dist 

52 -5 '29-1 

120 

105*0   58*2 

180 

157*4 

87-3 

240   209*9 

116 -4!  300 

262*4 

145*4 

;  Dep.  1  Lat.  |  Dist;  Dep.  t  Lat.  |  Disti  Dep. 

Lat.  1  Dist   Dep.  |    Lat.  |  Distj  Dep.  |    Lat.  | 

48 

TABTiE  2.                                                 1 

TrsTerse  Table  to  30  Degrees  ==  2b.  Om.                           1 

PifltJLid. 

Dep. 

IMrt 

'   L.t. 

Dep. 

Diat 

UL 

Dep. 

Dist 

L«t. 

D^. 

DisI 

Lit 

Dep. 

1 

0-9 

0-5 

61 

52-8 

30-5 

121 

104-8 

60-5 

181 

156*8 

90-5 

241 

808-7 

120-5 

s 

1-7 

10 

68 

53-7 

31-0 

122 

105-7 

61-0 

182 

157-6 

91-0 

242 

209-6 

121  SI 

3 

8-6 

1-5 

63 

54-6 

31*5 

123 

106-5 

61-5 

183 

158-5 

91-5 

243 

810-4 

121  -5 

4 

3-5 

8-0 

64 

55*4 

32-0 

124 

107-4 

62-0 

184 

159-3 

92-0 

244 

211-3 

122-0 

5 

4-3 

8-5 

65 

56-3 

32-5 

125 

108-3 

62-5 

185 

160*2 

92-5 

245 

212-8 

122-5 

« 

5-8 

3-0 

66 

57-2 

33-0 

126 

109  1 

63-0 

186 

161-1 

93  0 

246 

213 'O 

123-0 

7 

6-1 

3*5 

67 

5S-0 

33-5 

127 

110-0 

63-5 

187 

161*9 

93*5 

247 

213-9 

123-5 

8 

6-9 

4-0 

68 

58-9 

34-0 

128 

110-9 

64  0 

188 

162-8 

94-0 

248 

214-8 

124^0 

9 

7-8 

4-5 

69 

59-8 

34-5 

129 

111-7 

64-5 

189 

163-7 

94-5 

249 

215-6 

184-5 

10 
11 

8-7 

5^ 

70 

60-6 

35-0 

130 

112-6 

55-0 

190 

164-5 

95-0 

250 
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112   92-9   62-6 

172   142-6    96-2 

232  192-3   129-7 

233  193 -2   130-3 

292 

242  1 

163*3 

53  •43*9 

29-6 

113 

93-7   63-2 

173   143-4    96-7 

293 

242-9 

163-8 

54  '44-8 

30-2 

114 

94-5 

63-7 

174.144-3    97-3 

234    194  0;  130*9 

294 

243-7 

164-4 

55  1 45 -6 

30-8 

115 

95-3 

64-3 

175 : 145  1.  97-9 

235 

194  -8 1 131  -4 

295 

244-6 

165-0 

56  (46-4 

31-3 

116 

96-2 

64-9 

176   145-9    98*4 

236 

195-7.132-0 

296 

245-4 

165*5 

57 

47-3 

31-9 

117 

97  0 

65-4 

177,146-7,  99-0 

237 

196-5 

132-5 

297 

246-2 

166-1 

58 

48-1 

32-4 

118 

97-8 

66-0 

178   147-6    99-5 

238 

197-3 

133-1 

298 

247-1 

166*6 

59 

48-9 

33-0 

119 

98-7 

66-5 

179   148-4  100  1 

239 

198-1 

133-6 

299 

247-9 

167-2 

J/Bjj 

49-7 

33-6 

120 

99-5 

67  1 

180   149-2  100-7 

240 

199-0 

134-2 

300 

248-7 

167-8 

INrt 

DsD. 

Ut.^ 
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Dep.  1 
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Diflt   Dep.  1  hat. 

Dist 

Dep. 

Ut. 

Disd 

Dep. 

Ul 

^6»*=  3h.  44m. 


TABLE  2.                                        61 

.  .Trarerse  Table  to  35  Degrees  =  2h.  26m. 
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Ucp. 

Di£t 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist 

Lat. 

Dep. 

Dist    Lat. 

Dep, 

T 

0-8 

0-6 

61 

50-0 

35  0 

121 

99-1 

69 

'4 

181 

148-3 

103  -8 

241    197-4 

138-2 

2 

1-6 

11 

62 

50-8 

35-6 

122 

99-9 

70 

•0 

182 

149-1 

104-4 

242 

198-2 

138-8 

3 

2-5 

1-7 

63 

51-6 

36-1 

123 

100-8 

70 

•5 

183 

149 '9 

105-0 

243 

199-1 

139-4 

4 

3-3 

2-3 

64 

52-4 

36*7 

124 

101-6 

71 

•1 

184 

150-7 

105.5 

244 

199-9 

140-0 

5 

4  1 

2-9 

65 

53-2 

37-3 

125 

102-4 

71 

'7 

185 

151-5 

106-1 

245 

200-7 

140-5 

6 

4-9 

3-4 

66 

54-1 

37-9 

126 

103-2 

753 

•3 

186 

152-4 

106-7 

246 

201-5 

141-1 

7 

5-7 

4.0 

67 

54-9 

38-4 

127 

104-6 

72 

•8 

187 

153-2 

107-3 

247 

202-3 

141-7 

8 

6-6 

4-6 

68 

55-7 

39-0 

128 

104-9 

73 

•4 

188 

154-0 

107-8 

248   203-1 

142-3 

9 

7-4 

5*2 

69 

56-5 

39-6 

129 

105-7 

74 

•0 

189 

154-8 

108-4 

249 

204-0 

142-8 

10 

8-2 

6-7 

70 

57-3 

40-2 

130 

106-6 

74 

■6 

190 

155-6 

109  0 

250 

204-8 

143-4 

11 

9  0 

6*3 

71 

58-2 

40-7 

131 

107-3 

75 

•1 

191 

156-5 

109-6 

251   205-6 

144-0 

12 

9-8 

6-9 

72 

59-0 

41-3 

132 

108-1 

75 

•7 

192 

157-3 

110.1 

252  206-4 

144 -S 

13 

10-6 

7-5 

73 

59-8 

4  J -9 

133 

108-9 

76 

•3 

193 

158*1 

110-7 

253  1 207  -2 

145  1 

14 

11-5 

8  0 

74 

60-6 

42-4 

134 

109-8 

76 

•9 

194 

158*9 

111-3 

254 

208-1 

145-7 

15 

12-3 

8*6 

75 

61-4 

43-0 

135 

110-6 

77- 

4 

195 

159-7 

111-8 

255  1 208  -9 

146-3 

16 

13*1 

9-2 

76   62  -3 

43-6 

136 

111-4 

78" 

0 

196 

160-6 

112-4 

256  209-7 

146-8 

17 

13-9 

9*8 

77   63-1 

44-2 

137 

112-2 

78" 

6 

197 

161-4 

113-0 

257 

210-5 

147*4 

18 

14-7 

10-3 

78   63  -9 

44-7 

138 

113  0 

79" 

'2 

198 

162-2 

113-6 

258 

811-3 

148  0 

19 

15-6 

10-9 

79   64  -7 

45-3 

139 

113-9 

79' 

7 

199 

163-0 

114-1 

259  212-2 

148-6 

20 

16*4 

11-5 

80 ;  65  -5 

45-9 

140 

114-7 

80- 

3 

200 

163-8 

114-7 

260 '213-0 

149  1 

21 

17-2 

12  0 

81   66*4 

46-5 

141 

115*5 

80- 

? 

201 

164-6 

115-3 

86nai3^-8 

149-7 

1   22 

18*0 

12-6 

82   67  -2 

47-0 

142 

116-3 

81' 

4 

202 

165-5 

115-9 

'2(|HW-6 

150-3 

1   ^ 

18-8 

13-2 

83   68  -0 

47-6 

143 

117-1 

82' 

0 

203 

166*3 

116-4 

26l^B>-4 

150  -9 

1   2^ 

19-7 

13*8 

84' :  68  -8 

48-2 

144 

118-0 

82' 

6 

204 

167-1 

117-0 

267Vl6-3 

151-4 

25 

20-5 

14*3 

65   69  -6 

48-8 

145 

118-8 

83' 

2 

205 

167-9 

117-6 

265 

217-1 

152-0 

26 

21-3 

14*9 

86 '  70  -4 

49-3 

146 

119-6 

83' 

7 

206 

168-7 

118 '2 

266 

217-9 

152-0 

27 

221 

15-5 

87,71-3 

49-9 

147 

120-4 

84' 

3 

207 

169-6 

118-7 

267 

218-7 

153-1 

28 

22-9 

16*1 

88    72  -1 

50-5 

148 

121-2 

84' 

9 

208 

170-4 

119-3 

268 

219-5 

153-/ 

29 

23-8 

16*6 

89   72-9 

51  0 

149 

122  1 

85- 

5 

209 

171-2 

119-9 

269 

220-4 

154  -3 

30 

24-6 

17*2 

90 ;  73 -7 

51-6 

150   122-9 

86' 

0 

210 

172-0 

120-5 

270 

221-2 

154  -51, 

31 

25*4 

17*8 

91 1  74  -5  1 52  -2 

151 

123-7 

86' 

6 

2il 

172-8 

121-0 

271 

222-0 

155-4 

1   32 

26-2 

18-4 

92:75-4    52-8 

152 

124-5 

87' 

2 

212 

173-7 

121-6 

272 

222  -8 

156  0 

1   33 

27  0 

18*9 

93   76-2 

53-3 

153 

125-3 

87" 

8 

213 

174  -5 

122-2 

273 

223-6 

156*6 

1   ^^ 

27-9 

19-5 

94 

77-0 

53-9 

154 

126-1 

88' 

3 

214 

175-3 

122-7 

274 

224-4 

157-2 

1   35 

28-7 

20*1 

95 

77-8 

54-5 

155 

127-0 

88' 

9 

215 

176-1 

123*3 

275 

225-3 

157-7 

36 

29-5 

20*6 

96 

78-6 

55  1 

156 

127-8 

89 

5 

216 

176-9 

123-9 

276 

226-1 

158-3 

37 

30-3 

21*2 

97 

79-5 

55-6 

157 

128-6 

90 

1 

217 

177-8 

124-5 

277 

226*9 

158-9 

'38 

3i.l 

21-8 

98 

80-3 

56-2 

158 

129-4 

90' 

6 

218 

178-6 

125-0 

278 

227-7 

159-5 

39 

31-9 

22*4 

99 

81-1 

56-8 

159 

130-2 

91 

2 

219 

179-4 

125  -6 

279 

228-5 

160-0 

• 

40 

32.8 

22-9 

100 

81-9 

57-4 

160 

131-1 

91' 

8 

220 

180  -2 

126-2 

280 

229*4 

160 -ft* 

41 

33-6 

23-5 

101 

82-7 

57-9 

161 

131-9 

92 

3 

221 

181-0 

126-8 

281 

230  -3 

16W^ 

181 -r 

42 

34-4 

24-1 

102 

83-6 

58-5 

162 

132-7 

92 

9 

222 

181-9 

127-3 

262 

231-0 

43 

35-2 

24-7 

103 

84-4- 

59-1 

163 

133-5 

93 

5 

223 

182-7 

127-9 

283 

231-8 

162,-3. 

44 

36  0 

23-2 

104 

85-2 

59-7 

164 

134-3 

94 

1 

224 

183-5   128 '5 1 

284 

232-6 

162-9^ 

45 

36*9 

25-8 

105 

86  0 

60-2 

165 

135-2 

94 

6 

225 

184-3 

129*1 

285 

233-5 

163-5* 

46 

37-7 

26-4 

106 

86-8 

60-8 

166 

136  -0 

95 

2 

226 

185-1 

129-6 

286 

234-3 

164-0 

'47 

38*5 

27  0 

107 

87-6 

61-4 

167 

136-8 

95 

-8 

227 

185-9 

130*2 

287 

235  1 

164-6 

48 

39-3 

27-5 

108 

88-5 

61-9 

168 

137-7 

96 

4 

228 

186-8 

130-8 

288 

235*9 

165-2 

49 

40  1 

28  1 

199 

89-3 

62-5 

169 

138-4 

96 

9 

229 

187-6 

131-3 

289 

236-7 

165-8 

;50 

41  0 

28*7 

110 

90-1 

63-1 

170 

139-3 

97-5 

230 

188-4 

131-9 

290 

237-6 

166-3 

51 

41/8 

29-3 

111 

90-9 

63-7 

171 

140-1 

98-1 

231 

189*2 

132*5 

291 

238-4 

166-9 

52 

42-6 

29*8 

112 

91-7 

64-2 

172 

140-9 

98-7 

232 

190*0 

133*1 

292 

239-2 

167-5 

53 

43-4 

30-4 

113 

92*6 

64-8 

173 

141-7 

99-2 

233 

190*9 

133-6 

293 

240-0 

168-9 

54 

44-2 

31-0 

114 

93*4. 

65-4 

174 

142-5 

99-8 

234 

191-7 

134-2 

294 

240-8 

168*6. 

55 

451 

31-5 

U5 

94-2 

66-0 

175 

143-4 

100-4 

235 

192-5 

134-8 

295 

241-6 

169  -2 

56 

45-9 

82 '1 

116 

95*0 

66,-5 

176! 144 -2 

100-9 

236 

193-3 

135-4 

296 

242*5 

169-8 

57 

46-7 

32-7 

117 

95-8 

67-1 

177 

145-0 

101-5 

237 

194-1 

135*9 

297 

243*3 

170:4 

58 

47-5 

33-3 

118 

96 '7 

67-7 

178 

145-8 

102-1 

238 

195*0 

136*5 

398 

244-1 

170-9 

59 

48-3 

33-8 

110 

97-5 

68-3 

179 

146-6 

102-7 

239 

195 -8!  137-1 

299.;  244 -9;  171*5  1 

60 

49  1 

34-4 

120 

98-3 

68-8 

180 

147-4 

103-2 

MO 

196-6' 137-71300  245-7^73-1  | 

Oist 

I>ep. 

Lst. 

Dist 

Dep. 

Lat.  1  Dist  Dep. 

Lat.|Diit|  Dep.  |  Lat.  IDtst!  Dep.  I  Ut.    | 

^ 

^5 

►^  =3 

Ih.' 

4t 

On. 

ia 

TABTK  S. 

^1 

Trtsmm:  Ufale  ta  86  Degiteo^  &l|  ffte.                            1 

1dm 

i^\ 

Dqi. 

%)i^Ui. 

I>Bp. 

D^t 

'Ut. 

Ikp. 

jm\  iM. 

Dep, 

DM 

L*. 

Dfr- 

■ 

0-8 

0*6 

61 

40-4 

35-9 

121 

97-9 

71*1 

181 

146-4 

18^-4 

211 

195 'O 

141-7 

8 

1-6 

1-2 

62 

50-2 

36*4 

122 

98*7 

71-7 

1^ 

147*8 

107-8 

243 

185«6 

142-3 

8 

8 '4 

1-8 

63 

51*0 

37-0 

123 

99-5 

72-3 

183 

148-1 

107-6 

268 

196*6 

142-8 

4 

6*8 

2-4 

64 

51-8 

37*6 

184 

100-3 

72-9 

184 

148-9 

108*2 

214 

197-4 

143-4 

■ 

6 

4  0 

2-9 

65 

52-6 

38-2 

126 

101*1 

73*5 

185 

149-7 

106-7 

245 

\9B^  1 144-8  1 

' 

6 

4*8 

3-5 

.66 

53-4 

38-8 

126 

101*9 

74-1 

186 

150-5 

109-3 

»8 

199^1144-61 

7 

6-7 

4*1 

67 

54*2 

39*4 

127 

102-7 

74-6 

187 

151-3 

189-9 

347 

199-8 

145 -X 

1 

8 

6-6 

4-7 

68 

65-0 

40*0 

128 

103 -6 

75*2 

188 

158*1 

no -5 

348 

300*6 

14»*8 

, 

ft 

7-6 

6 -6 

60 

55*8 

40-6 

129 

104-4 

75*8 

189 

153*9 

111-1 

849 

381*4 

146-4 

10 

8-1 

5-8 

70 

56-6 

41-1 

130 

105-2 

76-4 

190 

153-7 

111*7 

250 

303*3 

146-9 

TT 

8*8 

6*5 

^1 

57-4 

Ali 

131 

106  0 

77-0 

191 

154-5 

112-3 

251 

303-1 

147 -T 

» 

8*1 

7-1 

72 

58-8 

42-3 

132 

106-8 

77-6 

192 

155-3 

112-9 

262 

303^ 

149-1 

16 

10*6 

7-6 

76 

50-1 

42*9 

136 

107*6 

78*8 

193 

156-1 

113*4 

263 

381*7 

148-7 
14^-3 

14 

11*6 

8-2 

74 

60*9 

43-5 

134 

108-4 

78*8 

194 

156-9 

114*0 

264 

306*5 

16 

18-1 

8*8 

76 

60-7 

44-1 

135 

109-2 

79-4 

195 

157-8 

114-6 

256 

386-3 

149-9 

16 

18-8 

9H 

76 

61-6 

44-7 

136 

110-0 

79*9 

196 

158-6 

116-2 

256 

307*1 

ISO -8 

17 

16-8 

10-0 

77 

62*6 

45-3 

137 

110-8 

90*5 

197 

159-4 

115*8 

267 

307-9 

151-1  1 

18 

14*6 

10*6 

78 

63-1 

45-8 

138 

111-6 

81-1 

198 

160-2 

116-4 

258 

308 -7 

151 -6  1 

18 

16*4 

11*2 

78 

66*9 

46-4 

139 

112-5 

81-7 

199 

161-0 

117-0 

359 

309*6 

152 -sl 

20 

16*8 

11*8 

86 

64*7 

47*0 

140 

113-3 

82-3 

200 

161-8 

117-6 

260 

310-3 

152-8  1 

81 

17*0 

12-3 

81 

65*5 

47-6 

141 

114-1 

82*9 

201 

162-6 

118-1 

261 

211-1 

153-4  1 

88 

17*8 
18  8 

48-0 

82 

66*8 

48-2 

142 

114*9 

83*5 

202 

163-4 

118-7 

262 

212-0 

154 -el 

86 

13*5 

83 

67  1 

48*8 

143 

116*7 

84-1 

203 

164*2 

119-3 

263 

312*8 

154-6  1 

84 

18  4 

|4  1 

84 

68-0 

49-4 

144 

116-5 

84*6 

204 

165-0 

119*9 

264 

213*6 

155-^1 

86 

80*8 

14*7 

85 

68*8 

60*0 

145 

117-3 

85-2 

205 

165-8 

120-5 

265 

214-4 

155-8 

86 

81*0 

15*6 

86 

69*6 

68*5 

146 

118*1 

85-8 

206 

166-7 

121  1 

266 

215*2 

156-4 

87 

81*8 

15*8 

87 

70*4 

61-1 

147 

118*9 

86-4 

207 

167-5 

121-7 

267 

216-0 

156-9 

88 

28*7 

16*5 

88 

71*8 

61*7 

148 

119-7 

87  0 

208 

168-3 

122-3 

268 

216-8 

157-6 

88 

26*5 

17*0 

80 

78*0 

58*3 

149 

120*5 

87*6 

209 

169*1 

128-8 

269 

217*6 

158-1 

60 

IT 

24*3 

17*6 

00 

78*8 

58*9 

150 

121*4 

88*2 

210 

169*9 

123*4 

270 

218-4 

158-7 

25  1 

18  8 

01 

76*6 

53*5 

151 

122-2 

88*8 

211 

170-7 

124*0 

271 

219*2 

159-3 

88 

25*8 

18*8 

08 

74*4 

64*1 

152 

123-0 

89*3 

212 

171*5 

124-6 

272 

220*1 

159-9 

86 

26*7 

10*4 

03 

75*8 

54*7 

153 

128-8 

89*9 

213 

172*3 

125-2 

273 

220-8 

160 -» 

84 

87*6 

20*0 

04 

76*0 

65*3 

154 

124-6 

90*5 

214 

173-1 

125*8 

274 

221*7 

161*1 

66 

28*3 

20-6 

95 

76*8 

65*8 

155 

125-4 

91*1 

215 

173*9 

126-4 

275 

222-5 

161-6 

66 

20*1 

21*2 

06 

77*7 

56-4 

156 

126*2 

91*7 

216   174*7 

127-0 

276 

223-3 

162-2 

67 

89*0 

21*7 

07 

78*5 

57*0 

157 

127-0 

92-3 

217   175-6 

127*6 

277 

224-1 

162-8 

38 

30*7 

22-3 

08 

79-3 

57*6 

158 

127-8 

92*9 

218   176-4 

128-1 

278 

224-9 

163-4 

68 

31*6 

82*8 

00 

80*1 

58*2 

159 

128*6 

93*5 

219   177*2 

128*7 

279 

225-7 

164*0 

40 

32*4 

23*5 

100 

80*9 

58*8 

160 

129-4 

94*0 

220  178*0 

129*3 

280 

226-6 

164^ 

ll'l 

33  a 

24-1 

101 

81-7 

59-4 

161 

130-3 

94-6 

221*  178  •S 

129-9 

281  j  227  -3 

165-2 

48 

34*0 

24-7 

102 

82*5 

60-0 

162 

131-1 

95*2 

882   179*6 

130-5 

282.228-1 

165-8 

46 

34*8 

25-6 

103 

83*3 

60*5 

163 

131-9 

95-8 

223 

180*4 

131*1 

283  229-0 

166*3 

44 

35*6 

25*0 

104 

84*1 

61-1 

164 

132*7 

96*4 

224 

181-2 

131*7 

284   229-8 

166*9 

46 

36*4 

26*5 

105 

84*9 

61*7 

165 

133*5 

97*0 

225 

182*0 

132*3 

fSi 

230-6 

167-4 

46 

37*2 

87*0 

106 

85*8 

62-3 

166 

134*3 

97*6 

226   182*8 

132 -8 

286 

231-4 

168*1 

47 

68*0 

27-6 

107 

86*6 

62*9 

167 

135-1 

98*2 

227   183*6 

133-4 

287 

232-2 

168-7 

48 

38*8 

28*2 

108 

87-4 

63*5 

168 

136*9 

98*7 

228   184-5 

134*0 

288 

233-0 

169-3 

49 

68*6 

88*8 

100 

88-8 

64*1 

169 

136*7 

99*3 

229   185*3 

134*6 

289 

233-8 

169*9 

60 
51 

40*5 

89*4 

110 

89-0 

64-7 
65*2 

170 

137*5 

99*9 

230  186*1 

135*2 

290  234-6 

170*5 

41*3 

60*0 

111 

89*8 

171 

138*3 

100-5 

231    186*9 

135-8 

291   235-4 

171-0 

58 

42*1 

60*6 

112 

90*6 

65*8 

172 

139-2 

101-1 

232   187*7 

136*4 

293  236-2 

171-6 

66 

42*0 

31*8 

113 

91*4 

66*4 

173 

140*0 

101-7 

233  188*6 

137-8 

393  237-0 

172-2 

64 

43*7 

61 -7 

114 

92*8 

67*0 

174 

140*8 

102*3 

234   189*3 

137*5 

894 

237-9 

172-8 

55    44*6 

68*6 

115 

96-0 

67*6 

175 

141-6 

108*9 

835   190*1 

138  *1 

295 

238-7 

178*4 

66    46*6 

68*8 

116 

86*8 

68*2 

176 

142*4 

103*5  236  190*9 
104  *0  337  !  191  *7 

138*7 

296 

239-5 

174:0 

67 

46*1 

33*6 

117 

84*7 

68*8 

177 

143*2 

139-8 

297 

240-3 

174-6 

68 

46*0 

6«*1 

118  06-6 

69*4 

178 

144-0 

104*6 

838  192-5- 

139*9 

a98 

241-1 

175-2 

60 

47-7 

64*7 

no  06*6 

68*9 

179 

144-8 

106*2 

839  193*4 

140-6 

299   241*9 

175-7 

60 

48*5 

35*8 

120 

97  1 

70*5 

^ 

145*6 

105*8 

840  194*8 

141-1 

300  *  242  -7 

176*3 

Diit 

Dt">p. 

Ut.j 

but' 

bep.    Lai.  1 

"Em 

"bqi.     Iintl 

DM  D^ 

Lai. 

Dbt  Dtp.      Ijd^  1 

( 

• 

a. 

J 

TABLES. 


i:^W9«il»  lUbk  to  87  Degr0e8fex2h.  OSul 

XMit   JjU. 

Dep. 

Qial 

UL 

Dap. 

Dbt 

UL 

Dep. 

Dirt 

l«e. 

Dep. 

DM 

Lm. 

Dep. 

1 

0*8 

0-6 

it 

48-> 

36-7 

121 

96- 

6 

72-8 

181 

144-6 

108-9 

241 

192-5 

145-0 

2 

1*6 

1-2 

» 

49-5 

37-3 

122 

97- 

4 

73*4 

182 

145-4 

109-5 

242 

193-3 

145 -S 

3 

8-4 

1-8 

63 

50-8 

37-9 

123 

98- 

2 

74*0 

183 

146-2 

110-1 

243 

194-1 

146 -fl 

4 

S*2 

2-4 

64 

51-1 

38-5 

124 

99' 

0 

74-6 

184 

146-9 

110-7 

244 

194-9 

146 -8] 

6 

4-0 

3-0 

65 

51-9 

39-1 

125 

99 

8 

75-2 

185 

147-7 

111-3 

245 

195-7 

147-4^ 

6 

4-8 

3-6 

66 

52-7 

39-7 

126 

100' 

6 

75-8 

186 

148-5 

111*9 

246 

196-5 

148 -q 

7 

5-6 

4-2 

67 

53-5 

40-3 

127 

101' 

4 

76-4 

187 

149-8 

112-5 

247 

197-3 

148-6 

,     s 

6*4 

4-8 

68 

64-3 

40-9 

128 

102' 

2 

77  0 

188 

160-1 

113-1 

248 

198-1 

149-3 

» 

7-2 

5-4 

69 

55-1 

41-5 

129 

103 

0 

77-6 

189 

150-9 

113*7 

249 

198-9 

149-9 

10       8-0 

6  0 

70 

55-9 

42-1 

130 

103' 

8 

78-2 

190 

151-7 

114*3 

250 

199-7 

150-5' 

11 

8*8 

6-6 

ii 

56-7 

42-7 

131 

104' 

6 

78-8 

191 

152-5 

114*9 

251  j  200  -5 

151  -1 

12 

9-6 

7-8 

72 

57-5 

43*3 

132 

105- 

4 

79-4 

192 

153-3 

115-5 

252   201  -3 

151  -7 

la 

10*4 

7-8 

73 

58-3 

43-9 

133 

106 

2 

80  0 

193 

154-1 

116-2 

253   202  -1 

152-3 

14 

11-2 

8-4 

74 

59-1 

44-5 

134 

107 

0 

80*6 

194 

154-9 

116-8 

254 '202 -9 

152*9 

15 

12*0 

9-0 

75 

59-9 

45-1 

135 

107 

-8 

81*2 

195 

155-7 

117-4 

255   203*7 

158*5 

16 

12'8 

9-6 

76 

60-7 

45-7 

136 

108' 

6 

81-8 

196   156-5!  118-0 

256   204*5 

154*1 

17 

13-6 

10-2 

77 

61-5 

46-3 

137 

109 

4 

82*4 

1971 157-8   118-6 

257   205*2 

154*7 

1   ^» 

14 '4 

10-8 

78 

62-3 

46-9 

138 

110' 

•2 

83*1 

198   158-1    119*2 

258   206-9 

155*3 

1   ^^ 

15-2 

11-4 

79 

63-1 

47-5 

139 

111 

0 

83-7 

199(158-9   119*8 

259  206*8 

155*9 

1 

20  1 

16*0 

12-0 

80 

63-9 

48-1 

140 

111- 

•8 

84*3 

2001159-7  120*4 

260  207*6 

156-5 

21  1 

16*8 

12.6 

81 

64-7 

48-7 

141 

112 

-6 

84*9 

201 1160 -5   121*0 

261    208*4 

1571 

1   22 

17*6 

13-2 

82 

66-5 

49-3 

142 

118 

4 

85-5 

202   161-3   121-6 

262  M9-2 

157-7 

23 

18  M 

13*8 

83 

66-3 

50-0 

143 

114 

•2 

86-1 

203 

162-1   122-2 

263  210-0 

158-3 

24 

10*2 

14-4 

84 

67-1 

50-6 

144 

115 

•0 

86-7 

204 

162-9   122-8 

264  210-8 

158-9 

25 

20*0 

15-0 

85 

67-9 

51-2 

145 

115 

•8 

87-3 

205*163-7   123-4 

265   211*6 

159-5 

26 

20  «8 

15-6 

86 

68-7 

51-8 

146 

116 

6 

87-9 

206   164-5   124-0 

266  212*4 

160-1 

27 

21^6 

16-2 

87 

69-5 

52-4 

147 

117 

'4 

88-5 

207 

165-3   124*6 

267   213-2 

160-7 

28 

22-4 

16-9 

88 

70-3 

53-0 

148 

118 

•2 

89-1 

208 

166*1)125*2 

168   214-0 

161 'S 

29 

23-2 

17-5 

•89 

71:1 

5$ -6 

149 

119 

•0 

89-7 

209 ;  166  -9  ;  125  *8 

269   214-8 

161-9 

30 

24-0 

18-1 

90 

71-9 

54*2 

150 

119 

'8 

90-3 

216   167*7   126-4 

270  215-6 

162-5 

31 

24-8 

18-7 

4l 

72 -> 

54-8 

161 

120  < 

'6 

90-9 

211, 168-5. 127  0 

271   216-4 

163-1 

32 

25-6 

19-3 

92 

73*5 

55-4 

152 

121 

4 

91-5 

212   169*3 

127*6 

272  217-2 

163 '7 

33 

26-4 

19-9 

93 

74-3 

56-6 

153 

122 

•2 

92*1 

213 

170*1 

128*2 

278  218-0 

164-3 

34 

27-2 

20-5 

94 

75-1 

56-6 

154 

128  < 

0 

92-7 

214 

170*9 

128-8 

274 '  218-8 

164-9 

35 

28-0 

21-1 

95 

75-9 

57*2 

155 

123* 

•8 

93-3 

215 

171*7 

129*4 

275  219-6 

165*5 

36 

28*8 

21-7 

96 

76-7 

57*8 

156 

124' 

6 

93-9 

216 

172*5 

130-0 

276   220-4 

166-1 

37 

29-5 

22-3 

97 

77-5 

58-4 

157 

125 

4 

94*5 

217 

173-3 

130*6 

277   221  -2 

166-7 

38 

30-3 

122-9 

98 

78-3 

59-0 

158 

126 

'2 

95-1 

218  174-1 

131*2 

278   222-0 

167-3 

39 

31-1 

23-5 

99 

79-1 

59*6 

159 

127' 

0 

95-7 

219  174*9 

131*8 

272 ,222-8 
280*223-6 

167-9 

40 

31-9 

• 

24-1 

100 

79-9 

60*2 

160 

127' 

-8 

96*3 

820  175*7 

132*4 

168  «5 

41 

32-7 

24-7 

101 

80-7 

60*8 

lil 

128 

'6 

96-9 

221|  176-5, 133*0 

281  ,  224  -4 

169-1 

42 

33-5 

25-3 

102 

81-5 

61-4 

162 

129 

4 

97-5 

222  177*3   133-6 

2821225-2 

169-7 

43 

34*3 

25-9 

103 

82-3 

62-0 

163 

130 

'2 

98-1 

2231178*1 

134*2 

283  1 226-0 

170*3 

44 

35-1 

26-5 

104 

83-1 

62-6 

164 

131 

0 

98-7 

224   178-9 

134-8 

284 

226*8 

170*9 

45 

35-9 

27-1 

106 

83-9 

63*2 

165 

131 

'8 

99-3 

225   179-7 

135-4 

-285 

827-6 

171*5 

46 

36-7 

27-7 

106 

84-7 

63*8 

166 

132' 

'6 

99-9 

226 

180-5 

136-0 

286 

228-4 

172*1 

47 

37-5 

28  3 

107 

85-5 

64-4 

167 

133 

4 

100-5 

227 

181*3 

136-6 

287 

229*2 

172-7 

48 

36*3 

28-9 

108 

86-3 

65-0 

168 

134' 

2 

101-1 

228 

182*1 

187-2 

288 

230*0 

173*3 

49 

39-1 

80-5 

109 

87-1 

65-6 

169 

135' 

0 

101-7 

229 

182-9 

137-8 

289 

230*8 

173*9 

50 

39-9 

30-1 

110 

87-8 

66-2 

170 

135 

•8 

102-3 

230   183-7 

138-4 

290 

231*6 

174-5 

51 

40-7 

30-7 

Hi 

88-6 

66-8 

171 

136 

6 

102*9 

231    184-5 

139-0 

291 

232*4 

175  1 

52 

41-5 

31-3 

112 

89-4 

67*4 

172 

137' 

4 

103-5 

232 

185-3 

139*6 

298 

233*2 

175-7 

53 

42-3 

31-'9 

118 

90-2 

68*0 

173 

138' 

■2 

104-1 

233   186-1 

140-2 

298 

234-0 

176-3 

54 

43-1 

32-5 

114 

91-0 

68*6 

174 

139' 

0 

104-7 

234 

186*9 

140-8 

294 

234*8 

176-9 

55 

43-9 

33-1 

115 

91-8 

69-2 

175 

139' 

'8 

105-3 

235 

187*7 

141-4 

295 

235*6 

177-5 

56 

44-7 

33-7 

116 

92-6 

69-8 

176 

140' 

6 

105*9 

236 

188  ^^ 

142-0 

296 

236-4 

178-1 

57 

45-5 

34-3 

U7 

93*4 

70-4 

177 

141 

4 

106-5 

237 

189-3 

142-6 

297 

237*2 

178-7 

1  ^ 

46-3 

34-9 

118 

94-2 

71-0 

178 

142 

•2 

107  1 

238 

190*1 

143-2 

298 

238*0 

179-3 

1  ^ 

47  1 

85-5 

119 

95-0 

71-6 

179 

143 

•0 

107*8 

239 

190*9 

143-8 

'299 

238-8 

179-9 

IJl 

47-9 

36-1 

120 

95-8 

72*2 

180 

143*8 

108-3 

240 

191-7 

144-4 

500 

289*6 

180-5 

iDb 

tDep. 

Lat.  ^Diit  1  Dap. 

Lil.|Ditt.  Dop. 

Lit  IDkti  Dqp. 

Ut. 

bbt 

Dep. 

htk. 

Sh.  SSm. 


M                                        TABLE    2. 

1 

Troverae  Table  to  38  D^rees  =  2li.  32m.                           1 

Din 

Ltt 

Dep. 

Di8< 

Ut. 

D«p.|Dist 

LbL 

Dep. 

Distj    Lat. 

Dep. 

Disk    liat. 

Dep. 

T 

0*8 

0-6 

61 

48-1 

37*6 

121 

95-3 

74*5 

181 

142 -61111*4 

241 

189*9 

148*4 

2 

1-6 

1-2 

62 

48-9 

38-2 

122 

96  1 

75*1 

182 

143*4 

112*1 

242 

190-7 

149*0 

3 

2-4 

1*8 

63 

49*6 

38*8 

123 

96*9 

75*5 

183 

144-2 

112*7 

243 

191-5 

149-4 

4 

3 '2 

2-5 

64 

50-4 

39*4 

124 

97*7 

76*3 

184 

145*0 

113*3 

244 

192-3 

150*2 

5 

3-9 

3-1 

65 

51-2 

40  0 

125 

98*5 

77*0 

185 

145*8 

113*9 

245 

193-1 

150-6 

6 

4-7 

3-7 

66 

52*0 

40-6 

126 

99-3 

77*6 

186 

146*6 

114*5 

246 

193-9 

151-5 

7 

5-5 

4-3 

67 

52-8 

41-2 

127 

100  1 

78-2 

187 

147*4 

115*1 

247 

.194*6 

152-1 

8 

6-3 

4-9 

68 

53*6 

41*9 

128 

100*9 

78-8 

188 

148  1 

115*7 

248 

195  -4 

152*7 

9 

7  1 

5-5 

69 

54*4 

42-5 

129 

101-7 

79-4 

189 

148*9 

116*4 

249 

196-2 

153-3 

10 

7-9 

6-2 

70 

55  *2 

43-1 

130 

102*4 

80-0 

190 

149*7 

117-0 

250 

197-0 

153-9 

11 

8-7 

6*8 

71 

55-9 

43-7 

131 

103*2 

80*7 

191 

150*5 

117*6 

251 

197-8 

154-5 

12 

9-5 

7-4 

7^ 

56-7 

44-3 

132 

104  0 

81*8 

192' 

151*3 

118*2 

252 

198-6 

155*1 

IS 

10-2 

8  0 

73 

57*5 

44-9 

133 

104*8 

81-9 

193 

152*1 

118*8 

253 

199-4 

155-8 

14 

11-0 

8-6 

74 

58*3 

45-6 

134 

105*6 

82*5 

194 

152  *9 

119*4 

254 

200-2 

156-4 

15 

11-8 

9*2 

75 

59-1 

46-2 

135 

106-4 

83-1 

195 

153*7 

1201 

255 

200-9 

157-0 

16 

12-6 

9-9 

76 

59*9 

46*8 

136 

107*2 

83*7 

196 

154*5 

120*7 

256 

201-7 

157-6 

17 

13-4 

10-5 

77 

60*7 

47-4 

137 

108*0 

84*3 

197 

155*2 

121*3 

257 

202-5 

158*2 

18 

14*2 

11-1 

78 

61*3 

48-0 

138 

108*7 

85*0 

198 

156*0 

121*9 

258 

203-3 

158*8 

19 

15-0 

11-7 

79 

62*3 

48-6 

139 

109*5 

85*6 

199 

156*8 

122*5 

259 

204-1 

159-5 

20 

15-8 

12-3 

80 

63*0 

49*3 

140 1 110-2 

86*2 

200)157-6 

123*1|260 

204*9 

160  I 

21 

16-5 

12-9 

81 

63*8   49*9 

141 

111*1 

86*8 

201 

158*4 

123*7 

261 

205-7 

160-7 

22 

17-3 

ad*5 

82 

64-6  50*5 

142 

111*9 

87*4 

202 

159*2 

124*4 

262 

206-5 

161-3 

23 

18-1 

14-2 

83 

65*4   51  1 

143 

112*7 

88-0 

203 

160  0 

125  0 

263 

207-2 

161*9 

24 

18-9 

14-8 

84 

66*2  51*7 

144 

113*5 

88*7 

204 

160-8 

125  *6 

264 

208-0 

162*5 

23 

19-7 

15-4 

85 

67  0  52  -3 

145 

114*3 

89*3 

205 

161*5 

126*2 

265 

208-8 

163  *S 

26 

20-5 

16-0 

86 

67*8   52*9 

146 

115*0 

89*9 

206 

162*3 

126*8 

266 

209-6 

163*8 

27 

21-3 

16-6 

87 

68  -6  53  -6 

147 

115*8 

90*5 

207 

163*1 

127*4 

267 

210-4 

164*4 

28 

22-1 

17-2 

88 

69*3   54*2 

148 

116*6 

91*1 

208 

163*9 

128*1 

268 

211-2 

165*0 

29 

22-9 

17-9 

89 

70*1   54*8 

149 

117*4 

91*7 

209 

164*7 

128-7 

269 

212-0 

165-6 

30 

23-6 

18*5 

90 

70*9   55*4 

150 

118-2 

92*3 

210 

165*5 

129*3 

270 

212-8 

166-2 

31 

24-4 

19-1 

91 

71*7,56-0 

151 

119  0 

93-0 

211 

166*3 

129-9 

271 

213-6 

166-8 

32 

25 -^ 

19-7 

92 

72  *5  '  56  *6 

152 

119*8 

93*6 

212 

167*1 

130*5 

272 

214-3 

167*5 

33 

26-0 

20-3 

93 

73*3   57*3 

153 

120*6 

94-2 

213 

167*8 

131*1 

273 

215-1 

168  l 

34 

26-8 

20*9 

94 

74*1 

57-9 

154 

121*4 

94-8 

214 

168*6 

131*8 

274 

215-9 

168-7 

35 

27-6 

21*5 

95 

74*9  58*5 

155 

122*1 

95-4 

215 

169-4 

132  -4 

275 

216*7 

169*3 

.36 

28-4 

22*2 

96 

75  -6  59  -1 

156 

122*9 

96  0 

216 

170*2 

183  0 

276 

217-5 

169*9 

.37 

29-2 

22*8 

97 

76  -4  '  59  -7 

157 

123*7 

96-7 

217 

171  0 

133-6 

277 

218-3 

170*5 

38 

29-9 

23*4 

98 

77*2  60*3 

158 

124*5 

97-3 

218 

171-8 

U4-2 

278 

219-1 

171-2 

39 

30-7 

24 -D 

99 

78  *0 !  61  -0 

159 

125.3 

97*9 

219 

172*6 

134-8 

279 

219-9 

171*8 

40 
41 

31-5   24 -'61 

100 

78  *8  !  61  *6 

160 

126  1 

98-5 

220 

173*4 

135-4 

280 

220-6 

172-4 

32-3 

25-2 

101 

79*6  62*2 

161 

126*9 

99  1 

221 

174*2 

136*1 
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127 
128 
129 
130 


131 
132 
133 
134 
135 
136 
137 
138 

139: 

140 


m 

142 
143 
144 
146 
146 
147 
148 
149 
150 


91 
92 
92 

93 

94 

95 

95-8 

96-6 

97-4 

98-1 


98-9 
99*6 
100^4 
191*1 
101*9 
102*6 
103*4 
104-1 
104*9 
105*7 


106*4 
107*2 
107-9 
108*7 
109*4 
110*8 
110*9 
111*7 
118*6 
113*8 


79*4 
80-0 
80-7 
81-4 
82-0 
82-7 
83-3 
84*0 
84-6 
86*8 


85-9 
86-6 

€7*3 
t7fO 
88  <6 
89*2 
89*9 
f0*6 
91*2 
91*8 


92-5 
93*2 

93*8 

84  >9 

95 

95 

96 

97 

97 

98 


•1 

'8 
'4 
•1 
-8 
•4 


Dfat 


181 
182 
183 
184 
185 
186 
187 
188 
189 

too 


UL 


130 
137 
138 
138 
139 
40 
41 
141 
142 
143 


{ 


191 
192 
193 
194 

196 
196 

187 


199 


144 
144 
145 
116 
147 
147 
148 
149 
160 
160 


»1 
202 


206 

206 
297 


209 
210 


151 
152 
153 
164 
164 
166 
166 
167 
157 
168 


1 
9 
7 

4 

*9 

I 
4 
2 

9 


Dep.   mat 
Tl8T"54T 


119 
120 
120 
121 
122 
122 
123 
124 
194 


126-3 
526-0 
126*6 
127-3 
127*9 
128-6 

wy-2 

129-9 
130^6 
131  -2 1260 


131*9 

132*5 

133*2 

133*8 

134*5 

136-1 

136 

186 

137*1 

137*8 

I5R 

189*1 

189^7 

140*4 

141  a 

141 

142 

148 

M8 

144*8 

Tinr 

146;6 
14^8 
U7*8 
167-4^ 
H8-3 
188  *• 
149*0 
MO -2 


20R 
264 


*8  287 

do 

70 


|2< 

a: 


272 

33 
4 


-«v«>«aMarf^ 


lil 


182 
183 
184 
184 
185 
186 
187 
187 
188 


189 
190 
190 
191 
192 
193 
191 
194 
£95 
196 


197 
197 
196 
199 

z 

201 

209 
203 


Dap. 


9   158  *1 


158 

159 

160 

160 

161 

162 

162-7 

163*4 

}64*0 


•8 
•3 
•1 
•7 
-4 
•0 


0 
7 

5 

2. 
0 
8 
5 
^ 
0 
8 


164-7 

165-3 

166  0 

166-6 

167-3 

1^8 

168 

160 

169 


*Q 
•6 
-3 
•9 


iyo6 


171 
171 
172 
173 
173 
174 
175 
175 
176 
177 


'2 
•9 

•5 
•2' 
-9 
•6 
•2 
'8 
■3 
•1 


31 
32 
53 
34 
35 
36 
37 
38 
39 
49 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


23-4, 
24-2, 

24-9 
25-7 


26*4 
27*2; 
27*9 
28*7 

29*4 
30-2  ^ 


20-3 
21*0 
21*6 
22*3 
«3'9 
23.9 
24*8 
24*9 
25*6 
26*2 


91 
02 

03 

90 
100 


68 
69 
70 
70 
71 
72 
73 

n 

74 

75 


59*7 
160-4 
61*0 
61*7 
62*8 

63-0 
63 
64 
64 

65 


'6 
■3 
•0 
•6 


T5T 

162 
153 
164 
166 

166 
157 
U8 

160 
160 


114*0 
114-7 
115*6 
116*2 
117*0 
117*7 
118*6 
119*2 
120*0 
120*8 


89*7 
100*4 
Ml'O 


101 

102 

108 

103' 

104 


196-0 


m 

212 
818 
tl4 
946 
216 

ftr 

218 

210 
280 


51 
52  1 
58 

54 

55 
56 

57  5 

58  i 

5o; 


30-9 
31-7 
32-5 
33-2 
34-0 
34*7 
35-5 


31-0 
37*7 


26*9 
27-6 
28-2 
28  ?9 
29*6 
80*2 
80*8 


36*2  81*6 


82*1. 
82*8 


101 
102 
103 
104 
106 
106 
107 
108 
100 
110 


76 
V 
77 

178 
79 
80 
80 
SI 
82 


38-5  83*51111  83 

39-2  84*l4ll2  ^84 

40  0  84fi   114  85 

48*8, 85i4  114  86 

41-6.86'!    U5  86 

42-8.86^7    MS  87 

4a-0,37«4!ll7  88 

48-8  38*1 1 118  89 

44-6  38*7]  119  89 
45-8  39*4*120.  90 


66-3 
»'9 

68*2 
68*9 
09*6 
70:2 
70^9 
71*6 
72*2 


161 
162 
183 
164 
16& 
UM 
.167 
168 
169 
170 


122*8 
123*0 
183*8 
124*6 
125*3 
126-0 
128*8 
127  •5 
128*3 


ToR 

106*8 
106*9 
107*6 
108*2 
108-9 
109^ 
110-2 
110-9 
111*5 


Hi 
t22 
228 

224 
hB86 


159 

160 

180 

Wl 

182 

168*8 

168*8 

184*64 

106-3 

m«o 


204 

295^ 

206-0 

206*8 

207-5 


2Q8'3  .181-2  ; 


127 

888 
229 

230 


187-6 
180*8 
190-1 
t80«8 
170 -O* 
171*8 
ITt*! 
178-8 
173*6 


ISO 
289 


8 

0 
0 
6 
3 

I 


I 


72*8 
3?6 

74  ;8 
75-4 
76  1 
76*8 
7*4 
8*1 
78**7 


•^ 


\\ 


I 


m 

?." 

7 

17 
171 

m 
m 

lis 


!f^ 


129*1 
120  -8 
130*6 
I3tf3 

m*( 

132  0 
133*0 

134  "J 
135*1 
135-8 


112^ 
112-8 
113-6 
U4'2 
111^ 
116*5 
116*1 
116^8 
117^4 
118-1 


W 
232 
233 

W 

231 
26( 
25f 
240 


175*1 

175-8 

176*6 

177 -4 f 

176*1 

170*9. 

179*6' 

180*4 

181-1 


IHw'Dep.    Ut«  .'Sui;  Pq).  t  Ut. « DiM 


D<p. 


XSTf^.'SSpT 


160*9l«0 

162*2  292 
162*0ff93 
163^1894 
164  a  395 
164*8  i96 
186*0  to? 
«66 
156^ 
U7 

Hm.     Dht 


217 '4 

218*1] 

218*9 


•4 
•I 


>*9  'W9V 

;a  298 

\^  299 
*9  too 


220 
221 
221-9 
222*6 
t23-i 
224*  I 
(224*9 
225*7 
226-4 


177-8 
178-4 

179-1 
179-8 
180-4 


181  7 

182-4 

183  0 
183  7 


209*1 
809*8 
910*6 
211*3, 

212 -If  184 -4 
183*0 
185-7 
186-3 
487  0 
187  -6 

216*6irl88-3 


188*9. 

189*6 

190  -3 1 

Too^ 


191  ^( 
192-2, 

192  *9i 
.193  •%} 
19^-2: 
1.^4 
195 
196 
196 


•a 
•9 


49''  »  Sb.  16ni. 
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TABLE  2. 
Traverse  Table  to  42  Degrees  =  2li.  48iii. 


Dis^ 

Lat. 

Dep.  1  Dist 

Lat.   Dep.|Di8t 

Lat. 

Dq>.  lDist|  Lat. 

Dep. 

DiatJ  LaI. 

I>ep. 

1 

0-7 

0-7 

61 

45*3 

40*8 

121 

89 

9 

81-0 

181 

134-5,121*1 

241 

179-1 

I     161  -3 

2 

1-5 

1-3 

62 

46-1 

41-5 

122 

90 

•7 

81-6 

182 

135  3  1 121  8 

242 

179-8    161-9 

3 

2-2 

2  0 

63 

46-8 

42*2 

123 

91 

•4 

82-3 

183 

136  0   122-5 

243 

180-6    162*€ 

4 

3  0 

2-7 

64 

47-6 

42*8 

124 

92 

•1 

83-0 

184 

136-7!  123*1 

244 

181  -3^  163-3 

5 

3-7 

3-3 

65 

48*3 

43*5 

125 

92 

•9 

83-6 

185 

137 -5 '123 -8 

245 

182-1     163-9 

6 

4-5 

4  0 

66 

49  0 

44-2 

126 

93 

•6 

84-3 

186 

138  2  '  124  5 

246 

182  -8  ;  164  -6 

7 

6-2 

4-7 

67 

49*8 

44*8 

127 

94 

■4 

85*0 

187 

139  O;  125-1 

247 

183 -fi 

;    165  3 

8 

5-9 

5-4 

68 

50  5 

45-5 

128 

95 

•1 

85**6 

188 

139*7 

125  -8 

248 

184-3 

165-9 

9 

6-7 

6-0 

69 

51-3 

46*2 

129 

95 

-9 

86-3 

189 

140-5 

126*5 

249 

185-0 

»    166-6 

10 

7-4 

6-7 

70 

52-1 

46*8 

130 

96 

6 

87*0 

190 

141 -21127*11 

250 

185-8/167-3 

11 

8-2 

7-4 

71 

52-8 

47  *J^ 

131 

97 

-4 

87-7 

191,141*9 

127*8 

251 

18S  -5  !  168  0 

12 

8*9 

8-0 

72 

53*5 

48*2 

132 

98 

•1 

88-3 

192:142*7 

128*5 

252 

187-3 

168-6 

13 

9-7 

8-7 

73 

54*2 

48-8 

133 

98 

8 

89-0 

193*143*4   129*1 

253 

188-8 

269-3 

14 

10-4 

9-4 

74 

55*0 

49*5 

134 

9t 

% 

89*7 

194  1 144 -2   129-8 

254 

188-8 

170-0 

15 

11  1 

10-0 

75 

55*7 

50-2 

135 

100 

•3 

90-3 

195!  144  9   130*5 

255 

189-6 

170-6 

16 

11-9 

10-7 

76 

56*5 

60-9 

136 

101 

-1 

91*0 

196; 145  7 

131  1 

256 

190-2 

171-3 

17 

12-6 

11-4 

77 

If7*2 

51-5 

137 

101 

'8 

91. -7 

197;  146*4 

131-8 

257 

191 -O 

172-0 

18 

13-4 

12-0 

78 

58*0 

52-2 

138 

102 

6 

92-3 

198   147-1 

132-5 

258 

191-7 

172-6 

19 

14  1 

12-7 

79 

58*7 

52*9 

139 

103 

3 

93-0 

199   147 -9 

133-2 

259 

192-5/173-3   1 

20 

14-9 

13-41   80 

59*5 

53-5 

140 

104 

0 

93*7 

200  ,  148  6  ;  133  -8 

260 

193-2 

174-0 

- 

21 

15-6 

14-1 

81 

60*2 

54-2 

141 

104 

8 

94-3 

201;  149 -4    134*5 

261 

104 -0 

174-6 

22 

16-3 

14-7 

82 

60*9 

54*9 

142 

105 

5 

95-0 

202 j 150  1    135*2 

262 

194-7 

175-3 

23 

17-1 

15-4 

83 

61*7 

55*5 

143 

106 

3 

96-7 

203   150*9   135*8 

263 

195-4 

176-0 

24 

17-8 

16-1 

84 

62*4 

56*2 

144 

107 

0 

96-4 

204    151*6   136*5 

264 

196-2 

176-7 

25 

18-6 

16-7 

85 

63-2 

56*9 

145 

107 

'8 

97*0 

205   152*3 

137-2 

265 

196-9 

177-3 

26 

19-3 

17-4 

86 

63*9 

67-5 

146 

108' 

5 

97-7 

206,153*1 

137-8 

266 

197-7 

178-0 

27 

20-1 

18*1 

87 

64-7 

58*2 

147 

109 

2 

98*4 

207   153-8 

138*5 

267 

198-4 

178*7 

28 

20-8 

18-7 

88 

65*4 

58-9 

148 

no- 

0 

99-0 

206,154*6   139*21 

268 

199 -a    179-3    1 

29 

21-6 

19-4 

89 

66*1 

59*6 

149 

no  t 

7 

99-7 

209   155*3 

139*8 

269 

199-9ijM-0   1 

30 

22-3 

20-1 

90 

66*9 

60-2 

150 

111" 

5 

100-4 

210   156*1 

140*5 

270 

200  'tffmo  7 

31 

23-0 

20-7 

91 

67*6 

60*9 

151 

112- 

2 

101-0 

211    156*8 

141*2 

271 

2ol-4 

181-3 

32 

23-8 

21-4 

92 

68*4 

61*6 

152 

113- 

0 

101-7 

212' 157-5 

141-9 

272 

202-1 

182-0    1 

33 

24  »5 

22-1 

93 

69*1 

62-2 

153 

113- 

7 

102-4 

213   158*3 

142*5 

273 

202-9 

182-7   f 

34 

25-3 

22-8 

94 

69*9 

62*9 

154 

114 

4 

103-0 

214] 159*0 

143*2 

274 

208-6 

183-3    1 

35 

26-0 

23-4 

95 

70*6 

63*6 

155 

115' 

2 

103*7 

215 1 159-8 

143^9 

275 

204-4 

184-0    1 

36 

26-8 

24-1 

►96 

71*3 

64-2 

156 

115' 

9 

104*4 

216   160*5 

144-5 

276 

205  1 

184-7   f 

37 

27-5 

24*8 

97 

72  1 

64^-9 

157 

116' 

7 

105-1 

217)161*3 

145 '2 

277 

205-9 

185-3    1 

38 

28-2 

25-4 

98 

72*8 

65-6 

158 

lu- 

4 

165-7 

218 ;  162  0 

145-9 

278 

206-6 

186  0    1 

39 

29*0 

26-1 

99 

73*6 

6f6-2 

159 

lls ' 

2 

106-4 

219.162*7 

146-5 

279 

207*3 

186-7   1 

40 

29-7 
30-5 

26-8 

100 
101 

74-3 

66-9 

160 

118' 

'9 

107-1 

220   163-5 

147-2 

280 

208  1 

187-4 

41 

27-4 

75-1 

67*6 

161 

119 

6 

107-7 

221 ,  164  -2 

147 '9 

281 

208-8 

188-0 

42 

31-2 

28-1 

102 

Z^'8 
7b -5 

68*3 

162 

12a 

'4 

108*4 

222  j  165  -0 

148 '5 

282 

209*6 

188-7 

43 

32  0 

28-8 

103 

68*9 

163 

121' 

•1 

109-1 

228   165*7 

149-2 

283 

210-3 

189-4 

44 

32 -7 

29*4 

104 

77*3 

69*6 

164 

121' 

9 

109*7 

224   166 -5 

149-9 

284 

211  1 

190-0 

45 

33-4 

30-1 

105 

78*0 

70-3 

165 

122 

6 

110*4 

225   167  -2 

150*6 

285 

211-8 

190-7 

46 

34*2 

30*8    106 
31-4   107 

78*8 

70-9 

166 

123 

•4 

111*1 

226 ,  168  0 

151-2 

286 

212*5 

191-4 

47 

34  »9 

79-5 

71*6 

167 

124 

1 

111*7 

227   168  -7 

151*9 

287 

213-3 

192  0 

48 

35-7 

32*1 

108 

80*3 

72*3 

168 

124' 

'8 

112*4 

228  [  169  -4 

152-6 

288 

214  0 

192-7   1 

49 

36*4 

32-8 

109 

81*0 

72*9 

169 

125 

6 

113-1 

229   170*2 

153-2 

289 

214*8 

193-4   1 

50 

37-2 

33-5 

no 

81*7 

73*65170 

126 

■3 

113*8 

230   170-9 

153-9 

290 

215*5 

194-0  1 

51 

37-9 

34*1 

111 

82-5 

74*3 

171 

127 

•1 

114-4 

231,171*7 

154*6 

291 

216-3 

194-7 

52 

38-6 

34-8 

112 

83-2 

74-9 

172 

127 

-8 

115-1 

232    172*4 

155-2 

292 

217*0 

195-4 

.  53  !39'4 

35-5 

113 

84-0 

75-6 

173 

128' 

6 

115*8 

233  1 173 -2 

155-9 

293 

217*7 

196-1 

54 

40-1 

36*1 

114 

84-7 

76-3 

174 

129 

3 

116-4 

234,173-9 

156-6 

294 

218-5 

196-7 

55 

40-9 

36-8 

115 

85*5 

77*0 

175 

130 

•1 

117*1 

235   174-6 

157 -2  J  295 

219-2 

197-4 

56 

41-6 

37-5 

116 

86-2 

77*6 

176 

130 

■8 

n7*8 

236   175-4 

157*9 

296 

220-0 

198-1 

57 

42*4 

38  1 

117 

86*9 

78*3 

177 

131 

'5 

118*4 

237;  176-1 

158-6 

297 

220*7 

198*7 

58    43-1 

38-8 

118 

87*7 

79-0 

178 

132^ 

•3 

119*1 

238;  176-9 

159-3 

298 

221-5 

199-4 

59    43-8 

39-5 

119 

88-4 

79*6 

179 

133 

■0   119-8 

239-177-6 

159  -9 1 299 
160 -6!  300 

222-2 

200-1 

60    44  -6 

40  1 

120 

89  2 

80*3 

180 

133*8   120 -41 

240  1178 -4 

222.9 

200*7 

Dist  Dep. 

Lat.  |DUt 

Dep. 

Lat.  r  DiBt'  Dep.  1  Lat. 

Dist   Dep. 

Lat.   iDist  Dep.  1 

Lat     1 

48°  =  3h.  12m. 
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Traverse  Table  to  43 

Degrees  = 

=  2h. 

52m. 

I>is« 

UL 

Dep. 

Din 

Imt. 

Dep. 

Dist 

Lat. 

Dep. 

[DUt 

181 

Lat. 

Dep.  |Di8t|    Lai 

»• 

Dep. 

1 

0-7 

0-7 

61 

44-6 

41-6 

121 

88 

5 

82*5, 

132*4 

123-4 

241    176 

T 

164-4 

2 

1-5 

1-4 

62 

45-3 

42-3 

122 

89 

2 

83-2:  182 

133  1 

124-1 

242    177 

0 

165  0 

3 

2-2 

2-0 

63 

46-1 

43-0 

123 

90 

0 

83  -9  *  183 

133*8 

124*8 

243   177 

■7 

165-7 

4 

2-9 

2-7 

64 

46-8 

43-6 

124 

90' 

•7 

84-6;  184 

134*6 

125-5 

244    178 

•5 

166-4 

5 

3-7 

3-4 

65 

47-5 

44-3 

125 

91 

4 

85  -2 ;  185 

135*3 

126-2 

■245    179 

2 

167  1 

6 

4*4 

4-1 

66 

48*3 

45-0 

126 

92 

2 

85  -9  ( 186 

136  0 

126-9 

246   179 

9 

167-8 

7 

5-1 

4-8 

67 

49  0 

45-7 

127 

92 

9 

86*6    187 
87*3    188 
88*0    189 

136-8 

127 -5 ''247    180 

6 

168.5 

8 

5-9 

5-5 

68 

49-7 

46-4 

128 

93 

6 

137-5 

128-2    248    181 

•4 

169-1 

9 

6*6 

6-1 

69 

50-5 

47 -L 
47/ 

129 

94 

3 

138*2 

128  9    249    182 

•1 

169-8 

lO 

7-3 

6-8 

70 

51-2 

130 

95 

•1 

88 -7  {190 

139  0 

129-6    250    182 

•8 

170-5 

11 

8  0 

7-5. 
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89-1     89-11 

186 

131-5    131-5   246   173 

-9 

173*9   » 

7 

4-9 

4-9 

67   47  -4 

89-8 

89-8 

187 

132 -2  ■  132 -2  247 

174 

7 

174*7  } 

8 

5-r 

5-7 

68   48-1 

48  •11128 
48 -8 1 129 

90-5 

90-5 

188 

132*9   132-9  248 

175 

'4 

175*4 

9 

6-4 

6-4 

69   48  -8 

91-2 

91-2 

189 

133^6   133  r6  249 

176 

•1 

176*1 

lO 

7-1 

7-1 

70 '  49  -5 

49  -5 }  130 

91-9 

91-9 

190 
191 

134 -3   134 -3 1 250 

176 

•8 

176*8 

11 

\  y'^ 

7-8 

71   50-2 

50-2*131 

92-6 

92-6 

135  1    135-1}  251^ 

177 

■5 

177-5 

1         ^2 

8-5 

8-5 

72 '  60  -9 

50-9 

132 

93-3 

93-3 

192 

135-8   135-8   252 

178 

■2 

178-2 

1        ^3 

9*2 

9-2 

73   51*6 

51-6 

133 

94-0 

94-0 

193 

136 -5!  136 -5   253 

178 

9 

178*9 

I        ^^ 

9-9 

9-9 

74 ; 52  -3 

52-3 

134 

94-8 

94-8 

194 

137-2   137-2  254 

179 

6 

179*6 

1        ^^ 

10-6 

10-6 

75   53  -0 

53  0 

135 

95-5 

95-5 

195 

137-9   137-9 

255 

180 

•3 

180*3 

1        ^^ 

11-3 

11-3 

76  53-7 

53-7 

136 

96-2 

96-2 

196 

138-6   138-6 

256 

181 

-0 

181*0 

J        17 

12-0 

12  0 

77  54  -4 

54-4 

137 

96-9 

96-9 

197 

139  -3  '  139  -3 

257 

181 

•7 

181*7 

■        18 

12-7 

12-7 

78  55-2 

55-2 

138 

97-6 

97-6 

198 

140-0 

140*0 

258 

182 

•4 

182*4 

1        ^^ 

13-4 

13-4 

79  55  -9 

55-9 

139 

98*3 

98*3 

199 

140-7 

140-7 

259 

183 

1 

183*1 

20 

14  1 

14  1 

80  56  -6 

56-6 

140 

99-0 

99  0 

200 

141-4 

141-4 

260 

163 

■8 

183*8 

21 

14-8 

14-8 

81   57-3 

57-3 

141 

99-7 

99-7 

201 

142*1 1 142-1   261 

184 

6 

184*6 

1       22 

15-6 

15-6 

82   58-0 

58*0 

142 

100-4 

100-4 

202 

142-8   142-8  262 

185 

'3 

185*3 

1       <3 

16-3 

16-3 

83  58-7 

58-7 

143 

101-1 

101-1 

2a3 

143-5   143-5  263 

186 

0 

186*0 

1       24 

17-0 

17*0 

84*59-4 

59-4 

144 

101-8 

101-8 

204 

144  -2   144  -2   264 

186 

■7 

186*7 

1       25 

17-7 

17-7 

85   60-1 

60-1 

145 

102-5 

102-5 

205 

145-0   145-0 

265 

187 

■4 

187*4 

1      26 

18-4 

18-4 

86  60-8 

60-8 

146 

103-2 

103-2 

206 

145-7   145-7 

266 

188 

•1 

188*1 

1      27 

19-1 

19-1 

87 . 61  -5 

61-5 

147 

103-9 

103-9 

207 

146-4   146-4 

267 

188 

•8 

188*8 

1      28 

19-8 

19-8 

88   62*2 

62-2 

148 

104-7 

104-7 

208 

147-1    147*1 

268 

189 

'5 

189*5 

1      ^ 

20-5 

20-5 

89   62*9 

62-9 

149 

105-4 

105-4 

209 

147-8   147-8 

269 

190 

•2 

190*2 

30 

21-2 

21-2 

90  63-6 

63-6 

150 

106  1 

106  1 

210 

148 -5 '148 -5 

270 

190 

•9 

190*9 

31 

21-9 

21-9 

91 .  64  -3 

64-3 

151^ 

106-8 

106-8 

211 

149  -2  ,  149  -2 

271 

191 

•6 

191*6 

32 

22-6 

22-6 

92  65*1 

65-1 

152 

107-5 

107-5 

212 

149  -9   149  -9 

272 

192 

•3 

192*3 

33 

23-3 

23-3 

93 ' 65  -8 

65-8 

153 

108-2 

108-2 

213 

150-6   150-6 

273 

193 

•0 

193*0 

34 

24-0 

24-0 

94  1 66  -5 

66-5 

154 

108-9 

108-9 

214 

151-3 

151-3 

274 

193 

•7 

193*7 

35 

24-7 

24-7 

95   67-2 

67-2 

15S 

109-6 

109*6 

215 

152-0 

152*0 

275 

194 

-5 

194*5 

36 

25-5 

25-6 

96 

67-9 

67-9 

156 

110-3 

110-3 

216 

152*7 

152-7 

276 

195 

•2 

195*2 

37 

26-2 

26-2 

97 

68-6 

68-6 

157 

111-0 

1110 

217 

153*4 

153-4 

277 

195 

'9 

195*9 

38 

26-9 

26-9 

98 

69*3 

69-3 

158 

111-7 

111-7 

218 

154-1 

154*1 

278 

196 

•6 

196*6 

39 

27-6 

27-6 

99 

70-0 

70-0 

159 

112-4 

112-4 

219 

154-9   154-9 

279 

197 

•3 

197*3 

40 

28-3 

28-3 

100 

70-7 

70-7 

160 

113-1 

113  1 

220 

155-6.155-6 

280 

198 

•0 

198*0 

41 

29-0 

29  0 

101 

71-4 

71-4 

161 

113*8 

113*8 

221 

156-3 

156*3 

281 

198 

■7 

198*7 

42 

29-7 

29-7 

102 

72-1 

72-1 

162 

114-5 

114*5 

222 

157-0 

157-0 

282 

199 

•4 

199-4 

43 

30-4 

30-4 

103 

72*8 

72-8 

163 

115-3 

115*3 

223 

157-7 

157-7 

283 

200 

•1 

200-1 

44 

31-1 

31-1 

104 

73-5 

73-5 

164 

116-0 

116*0 

224 

158-4 

158*4 

284 

too 

*8 

200-8 

45 

31-8 

31-8 

105 

74-2 

74-2 

165 

116*7 

116*7 

225 

159  1 

159*1 

285 

201 

■5 

201-5 

46 

32-5 

32-5 

106 

75-0 

75  0 

166 

117-4 

117-4 

226 

159-8 

159-8 

286 

202 

•2 

202-2 

47 

33-2 

33-2 

107 

75-7 

75-7 

167 

118-1 

118  1 

227 

160-5 

160*5 

287 

202 

9 

202-9 

48 

33-9 

33-9 

108 

76*4 

76-4 

168 

118*8 

118  *S 

228 

161-2   161*2 

288 

203 

6 

203-6 

49 

34-6 

34*6 

109 

77  1 

77-1 

169   119-5 

119*5 

229 

161  -9  , 161  -9 

289 

204 

3 

204*3 

50    35-4 

35-4 

110  77-8 

77-8 

170   120*2 

120*2 

230 

162-6   162-6 

290 

205 

-1 

205*1 

51  '36-1   36-1 

111   78-5 

78-5 

171 1120-9 

120*9 

231 

163  -3  ,  163  -3 

291 

205 

-8 

205*8 

52    36-8  36-8 

112.79-2 

79  2 

172 

121-6 

121*6 

232 

164-0   164-0 

292 

206 

-5 

206*5 

53    37-5   37-5 

113   79-9 

79-9 

173 

122-3 

122-3 

233 

164*8    164*8 

293 

207 

-2 

207*2 

54    38 -2;  38 -2 

114  80  -6 

80-6 

174 

123-0 

123  0 

234 

165*5    165*5 

294 

207 

9 

207*9 

55    38;9  38-9 

115  81-3 

81-5 

175 

123-7 

123-7 

235 

166*2   166*2  295 

208 

•6 

208*6 

56    39-6  39*6 

116  82*0 

82.0 

176 

124-4 

124*4 

236 

166*9   166*9,296 

209 

•3 

209*3 

57    40*3  40-3 

117  82-7 

82-7 

177 

125-2 

125*2 

237 

167*6   167*6.297 

210. 

0  210*0 

58  ;  41  -0  41  *0 

118   83-4 

83  4 

178 

125-9 

125  0 

238 

168-3    168-3   296 

210 

•7   210*7 

59    41-7  41-7 

119  84-1 

84-1 

179 

126-6 

126*6   239 

169*0   169*0*299 

211 

'4  211*4 

60  '42-4   42-4 

120  84  9   84  -9 ' 

180 

;  Diflt 

127-3 

127*3   240 

169-7   169-7  300 

212*1 '212*1     1 

Ditt  Dep.j 

Lat.  fDiflt  Dep.|  Lat.  • 

Dq>. 

Lat.  |Dut 

Dep.  1    Lat^  ^Diat 

Dep.  1   Lat.      | 

45""  s  3h.  Om. 
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TABLE    8. 


LooABiTHmc   Sines,  Tanoentb,  and  Secants,  to  evay  Pomt  ind 

Quarter  Point  of  the  Compass. 


1 

Sine. 

Co-sine. 

Tangent. 

Co-tang. 

Secant. 

Co-see. 

1 

0 

0  i 
0  i 
0  1 

0 -000000 
8  -690796 
8-991302 
9*166520 

10  *oooooo 

9  -999477 
9  -997904 
9  -995274 

0-000000 
8-691319 
8 -993398 
9-171247 

Infinite. 
11-308681 
11  006602 
10-828753 

10-000000 
10  000523 
10  -002096 
10  004726 

Infinite. 
11*309204 
11*008698 
10  *8334«0 

8 

7  1 

7  i 

7  \ 

1 

1  i 
1  i 

I  * 

9  -290236 
9  -385571 
9  -462824 
9-527488 

9*991574 
9  -986786 
9  -980885 
9-973841 

9 -298662 
9  -398785 
9-481939 
9  -553647 

10-701338 
10-601215 
10-518061 
10-446353 

10 -008426 
10  -013214 
10  019115 
10-026159 

10-709764 
10-614429 
10-537176 
10*472512 

7 

6  I 
G  i 

6  k 

2 

2  i 
2  i 
2  t 

9  -582840 
9  -630992 
9  -673387 
9-711050 

9  -965615 
9  -956163 
9  -945430 
9  -933350 

9-617224 
9  -674829 
9 -72795? 
9  -777700 

10-382776 
10-325171 
10  -272043 
10  -222300 

10.034385 
10  -043837 
10*054570 
10*066650 

10-417160 
10-369008 
10*326613 
10-288950 

6 
5  1 

5  k 

3 

3  i 
3  i 
3  f 

9-744739 
9-775027 
9  -802359 
9-827084 

9*919846 
9  *904828 
9*888185 
9  -869790 

9-824893 
9  -870199 
9-914173 
9  -957295 

10-175107 
10-129801 
10 -085827 
10-042705 

10*080154 
10*095172 
10*111815 
10-130210 

10*255261 
10*224973 
10  •1976-11 
10*172916 

5 
4  1 

4  k 

4 

9-849485  |  9 -849485  10*000000   10*000000  |  10*150515 

10-150515 

4 

Co-sinc.   Sine.  |  Co-tang.  Tangent.  1  Ck>-Bcc. 

Secant. 

TABLE    4. 


LOGARITHMS   OF    NUMBERS. 


No. 

1 ] 

LOO 

Log 

.  0  -000000 2  *000000 

N. 

Log. 

No. 

21 

Log. 

No. 

Log. 

No. 

Log. 

No 

Log. 

1 

0  000000 

1  -322219 

41 

1  -612784 

61 

1-785330 

81 

1 -9084H5 

2 

0-301030 

22 

1  -342423 

42 

1  -623249 

62 

1  -792392 

62 

1 -913814 

3 

0-477121 

23 

1-361728 

43 

1 -633468 

63 

1*799341 

83 

1 -919078 

4 

0 -602060 

24 

1-380211 

44 

1 -643453 

64 

1  -806180 

84 

I -924279 

5 

0  -698970 

25 

26 

1  -397940 

45 

1 -653213 

65 

1  -812913 

85 
86 

1-929419 

6 

0-778151 

1-414973 

46 

1  -662758 

66 

1-819544 

1  -934498 

7 

0 -845098 

27 

1  -431364 

47 

1 -672098 

67 

1  -826075 

87 

1.939519 

8 

0 -903090 

28 

1-447158 

48 

1  -681241 

68 

1  -832509 

88 

1.94  448  J 

9 

0-954243 

29 

1  -462398 

49 

1 '690196 

69 

1  838849 

89 

1 -949300 

10 

1 -000000 

30 
31 

1-477121 

50 

1  -698970 

70 

1  -845098 

90 
91 

1 -95424^ 

11 

1 -041393 

1  -491362 

51 

1  -707570 

71 

1  -851258 

1 -959041 

12 

1  079181 

32 

1  -505150 

52 

1  -716003 

72 

1  -857332 

92 

1 -963788 

13 

1-113943 

33 

1-518514 

53 

1  -724276 

73 

1  -863323 

93 

1  -96848:^ 

14 

1  146128 

34 

1.531479 

54 

1-732394 

74 

1  -809232 

94 

1  -973128 

15 

1-176091 

35 
36 

1  -544068 

55 

1 -740363 

75 

1  -875061 

95 
96 

1  -977724 

16 

1-204120 

1 -556302 

56 

1  -748188 

76 

1-880814 

1  982271 

17 

1  -230449 

37 

1  -568202 

57 

1  -755875 

77 

1 -886491 

97 

1 -980772 

18 

1  -235273 

38 

1  -579784 

58 

1-763428 

78 

1  -892095 

98 

1  -991226 

19 

1  -278754 

39 

1  -591065 

59 

1 -770852 

79 

1  -897627 

99 

1 -995635 

20 

1  -301030 

40 

1 -602060 

60 

1  -778151 

80 

1  -903090 

100 

2-000000 

TABLE   4. 
Logarithms   of  Numbers. 
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"1 


No.  1000 1600 

Log.  000000 — 

-204120 

No. 

0    1 

2 

3 

4 

5 

6 

7 

.  8 

9 

DifF 

432 

lOO 

000000 

000434 

000868 

001301 

001734 

002166 

002598 

003029 

003460 

003891 

101 

004321 

004751 

005180 

005609 

006038 

006466 

006894 

007321 

007748 

008174  428 

102 

008600 

009026 

009451 

009876 

010300 

010724 

011147 

011570 

011993 

012415  424 

103 

012837 

013259 

013680 

014100 

014520 

014940 

P15360 

015779 

016197 

016615  420 

101 

017033 

017451 

017868 

018284 

018700 

019116 

019532 

019947 

020361 

020775  416 

105 

021189 

021603 

022016 

022428 

022841 

023252 

023664 

024075 

024486 

024896  412 

106 

025306 

025715 

026124 

026533 

026942 

027350 

027757 

028164 

028571 

028978  408 

107 

029384 

029789 

030195 

030600 

031004 

031408 

031812 

032216 

032619 

033021  404 

108 

033424 

033826 

034227 

034628 

035029 

035430 

035830 

036229 

036629 

037028  400 

109 

037426 

037825 

038223 

038620 

039017 

039414 

039811 

040207 

040602 

040998  397 

110 

041393 

041787 

042182 

042575 

042969 

043362 

043755 

044148 

044540 

044931  393 

111 

045323 

045714 

046105 

046495 

046885 

047275 

047664 

048053 

048442 

048830  390 

112 

049218 

049606 

049993 

050380 

050766 

051152 

051538 

051924 

052309 

052694  386 

113 

053078 

053463 

053846 

054230 

054613 

054996 

055378 

055760 

056142 

056524  383 

\U 

056905 

057286 

057666 

058046 

058426 

058805 

059185 

059563 

059942 

060320  379 

115  060698 

061075 

061452 

061829 

062206 

062582 

062958 

063333 

063709 

064083  376 

116  064458 

064832 

065206 

065580 

065953 

066326 

066699 

067071 

067443 

067814  373 

117  068186 

068557 

068928 

069298 

069668 

070038 

070407 

070776 

071145 

071514 '370 

118  071882 

072250 

072617 

072985 

073352 

073718 

074085 

074451 

074816 

075182  366 

119  075547 

075912 

076276 

076640 

077004 

077368 

077731 

078094 

078457 

078819 

363 
360 

120  079181 

079543 

079904 

080266 

080626 

080987 

081347 

081707 

082067 

082426 

121 , 082785 

083144 

083503 

083861 

084219 

084576 

084934 

085291 

085647 

086004  357 

122 !  086360 

086716 

087071 

087426 

087781 

088136 

088490 

088845 

089198 

089552  ;  355 

123:089905 

090258 

090611 

090963 

091315 

091667 

092018 

092370 

092721 

093071 ,352 

124 

093422 

093772 

094122 

094471 

094820 

095169 

095518 

095866 

096215 

096562 , 349 

125 

096910 

097257 

097604 

097951 

098297 

098644 

098990 

099335 

099681 

100026^^346 

126 

100370 

100715 

101059 

101403 

101747 

102090 

102434 

102777 

103119 

103462  343 

127  103804 

104146 

104487 

104828 

105169 

105510 

105851 

106191 

106531 

106870  341 

128  107210 

107549 

107888 

108227 

108565 

108903 

109241 

109578 

109916 

110253  338 

129 

110590 

110926 

111262 

111598 

111934 

112270 

112605 

112910 

113275 

113609  335 

130 

113943 

114277 

114611 

114944 

115278 

115610 

115943 

116276 

116608 

116940  332 

131; 117271 

117603 

117934 

118265 

118595 

118926 

119256 

119586 

119915 

120245  :  330 

132 ,  120574 

120903 

121231 

121560 

121888 

122216 

122543 

122871 

123198 

123525  328 

133 

123852 

124178 

124504 

124830 

125156 

125481 

125806 

126131 

126456 

126781 

325 

134 

127105 

127429 

127752 

128076 

128399 

128722 

129045 

129368 

129690 

130012 

323 

135 

130334 

130655 

130977 

131298 

131619 

131939 

132260 

132580 

132900 

133219 

321 

136 

133539 

133858 

134177 

134496 

134814 

135133 

135451 

135768 

136086 

136403 

318 

137  ;  136721 

137037 

137354 

137670 

137987 

138303 

138618 

138934 

139249 

139564 

316 

138 

139879 

140194 

140508 

140822 

141136 

141450 

141763 

142076 

142389 

142702  i  314 

139 

143015 

14^327 

143639 

143951 

144263 

144574 

144885 

145196 

145507 

145818 

311 

140 

146128 

14&138 

146748 

147058 

147367 

147676 

147985 

148294 

147603 

148911 

309 

HI  1119219 

149527 

149835 

150142 

150449 

150756 

151063 

151370 

151676 

151982 

307 

142  ;  152288 

152594 

152900 

153205 

153510 

153815 

154119 

154424 

154728 

155032 

305 

U3;  155336 

155640 

155943 

156246 

156549 

156852 

157154 

157457 

157759 

158061 

303 

114 

158362 

158664 

158965 

159266 

159567 

159868 

160168 

160468 

160769 

161068 

300 

145 

161368 

161667 

161967 

162266 

162564 

162863 

163161 

163460 

163757 

164055 

298 

146  164353 

164650 

164947 

165244 

165541 

165838 

166134 

166430 

166726 

167022 

296 

117  167317 

167613 

167908 

168203 

168497 

168792 

169086 

169380 

169674 

169968  \  294 

U*<  1170262 

170555 

170848 

171141 

171434 

171726 

172019 

172311 

172603 

1728951292 

in 

1 173186 

173478 

173769 

174060 

174351 

174641 

174932 

175222 

175512 

175802:290 

l.VJ 

: 176091 

176381 

176670 

176959 

177248 

177536 

177825 

178113 

178401 

178689.288 

151 ! 178977 

179264 

179552 

179839 

180126 

180413 

180699 

180986 

181272 

181558  287 

132 1 181844 

182129 

182415 

182700 

182985 

183270 

183554 

183839 

184123 

184407  285 

153! 194691 

184975 

185259 

185542 

185825 

186108 

186391 

186674 

186956 

187239  283 

151 1187521 

187803 

188034 

188366 

188647 

188^28 

189209 

189490 

189771 

190051 :  281 

155 

190332  190612 

190892 

191171 

191451 

191730 

192010 

192289 

192567 

192846  279 

156 

193125  193403 

193681 

193959 

194237 

194514 

194792 

195069 

195346 

195623  278 

157  195900  196176 

196452 

196729 

197005 

197281 

197556 

197832 

198107 

198382  276 

1'>S  198637  198932 

199206 

199481 

199755 

200029 

200303 

200577 

200850 

201124  274 

l.VJ  201397 

201670 

201943 

202216 

202488 

202761 

203033 

203305 

203577 

203848  272 

1  0 

I  1  2 

3 

4 

5 

6 

7. 

8 

V    1 
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TABLE    4. 
Logaritlmis  of  Numbers. 


No  0 


60,204120 

61  206826 

62  209515 

63  212188 
64.214844 
65.217484 
66  220108 
67 '222716 

68  225309 

69  227887 


204391 
207095 
209783 
212454 
215109 
217747 
220270 
222976 
225568 
228144 


M<».i600 2200 

2  1  3 


204662 

207365 

210051 

212720 

; 215373 

. 218010 

1 220631 

223236 

'225826 

■228400 


:  204933 
'  207634 
210318 
212986 
215638 
218273 
220892 
223496 
1226084 
228657 


205204 
207903 
210586 
213252 
215902 
218535 
221153 
223755 
226342 
228913 


230149 
232996 
235528 
238046 
240519 
243038 
215513 
247973 
78 ,  250420 
79  252853 


70 
71 
72 
73 
74 
73 
76 

mm 

ii 


230704 
233250 
235781 
238297 
240799 
243286 
245759 
248219 
250604 
253096 


230760 
,233504 
1 236033 


238548 


; 241048 
243534 
246006 
248464 
250908 
253338 


231215 
233757 
236285 
238799 
241297 
243782 
246252 
248709 
251151 
253580 


231470 
2340U 
236537 
239049 
241546 
244030 
246499 
248954 
251395 
, 253822 


Lof.  204120 342423 


G 


so ,  255273 
81 .  257679 
82*260071 
83-262451 

84  264818 

85  267172 

86  269513 
87-271842 
88*274158 
89^6462 


255514 
\  257918 

260310 
1262688 
^65054 

267406 

269746 


274389 
276631 


255755 
258158 
260548 
262925 
265^ 
267641 
269980 
272074  I  272306 
274620 
1 276921 


255996 
258398 
260787 
263162 
265525 
^67875 
^70213 
272538 
274850 
277151 


90 
91 
92 
93 
94 
95 
96 
97 

98; 

99 

200"! 

201 

202 

203 

204 

205 


278754 
281033 
283301 
285557 
287802 
290035 
292256 
294466 
296665 
298863 


278982 
281261 
283527 
285782 
288025 
290257 
292478 
294687 
296884 
299071 


279210 
281488 
283753 
286007 
288249 
290480 
292699 
294907 
297104 
299289 


279439 
281715 
283979 
286232 
288473 
290702 
292920 
295127 
297323 
299507 


301030 
303196 
305351 
307496 
309630 
311754 
206  <  313867 
207 •  315970 
208 '  318063 
209 '320146 

322219 
324282 
326336 
328380 
330414 
332438 
334454 
336460 
338456 
340444 

0 


301247 
303412 
305566 
307710 
309843 
311966 
314078 
316180 
318272 
320354 


301464 
303628 
305781 
307924 
310056 
312177 
314289 
316390 
318481 
320562 


301681 
303844 
305996 
308137 
310268 
312389 
314499 
316599 
318689 
320769 


322426 
324488 
326541 
328583 
330617 
332640 
334655 
336660 
338656 
340642 


322633 
324694 
326745 
328787 
330819 
332842 
334856 
336860 
338855 
340841 


322839 
324899 
326950 
328991 
331022 
333044 
335056 
337060 
339054 
341039 


1  1*2  1  8 


256236 
258637 
261025 
263399 
265761 
268110 
270446 
272770 
275081 
277380 


279667 
281942 
284205 
286456 
288696 
290925 
293141 
295347 
297542 
299725 


301898 
304059 
306211 
308351 
310481 
312600 
314710 
316809 
318898 
320977 


323046 
325105 
327155 
329194 
331225 
333246 
335257 
337260 
339253 
341237 


205475 
208172 
210853 
213518 
216166 
218798 
221414 
224015 
226600 
229170 

231724 
234264 
236789 
239299 
241795 
244277 
246745 
249198 
251638 
254064 


205745 
208441 
211120 
213783 
216430 
219060 
221675 
224274 
226858 
229426 


206016 
208710 
211388 
214049 
216694 
219322 
221936 
224533 
227115 
229682 


231979 

234517 

-  23704 1 

239550 


242044 
; 244524 

246991 
1 249443 

251881 

254306 


256477 
258877 
261263 
263636 
265996 
268344 
270679 
273001 
275311 
277609 


, 256718 

.259116 

261501 

263873 

266232 

268578 

'270912 

' 273233 

' 275542 

277838 


279895 
28»69 
284431 
286681 
288920 
291147 
293363 
295567 
297761 
299943 


280123 
282395 
284656 

. 286905 
289143 
291369 

. 293583 
295787 
297979 
300161 


302114 
304275 
306425 
308564 
310693 
312812 
314920 
317018 
319106 
321184 


302331 
304491 
306639 
308778 
310906 
313023 
315130 
317227 
319314 
321391 


323252 
325310 
327359 
329398 
331427 
333447 
335458 
337459 
339451 
341435 


323458 

,325516 

327563 

329601 

331630 

, 333649 

335658 

337659 

i  339650 

341632 


5  I  6 


232233 
234770 
237292 
239800 
242293 
244772 
247236 
249687 
252125 
254548 


8 


206286 
208978 
211654 
214314 
216957 
219584 
222196 
224792 
227372 
229938 


258958 
259355 
261738 
264109 
266467 
268812 
271144 
273464 
275772 
278067 


280351 
282622 
284882 
287130 
289366 
291591 
293804 
296007 
298198 
300378 


302547 
304706 
306854 
308991 
311118 
313234 
315340 
317436 
319522 
321598 


323665 
325721 
327767 
329805 
331832 
333850 
335859 
337858 
339849 
341830 


232488 
235023 
237544 
240050 
242541 
245019 
247482 
249932 
252367 
254790 


9  iDiff 


206556 
209247 
21 1921! 267 
214579  266 
217221  261 
219846  262 
222456*261 


225051 
227630 
230193- 


259 
258 
256 


232742 ,  255 
235276  253 
237795  252 
2403001250 
242790 1 249 
245266 1 247 
247728  246 
250176^245 
252610  j  243 
255031' 242 


257198 
259594 
261976 
264345 
266702 
269046 
271377 
273696 
276002 
278296 


280578 
282849 
285107 
287354 
289589 
291813 
294025 
296226 
298416 
300595 


302764 
304921 
307068 
309204 
311330 
313445 
315550 
317645 
319730 
321805 


257439 
259833 
262214 
264582 
266937 
269279 
271609 
273927 
276232 
278525 


241 
239 
238 
237 
235 
234 
233 
232 
230 
229 

280806  j  228 
283075  227 
285332  !  226 
287578  '  225 
289812  223 
292034 ' 222 
294246 ;  221 
296446  220 
298635  219 
300813  216 


302980,217 
305136  216 
307282 , 214 
309417.213 
311542  212 
313656  211 
315760  210 
317854 '209 
319938  208 
322012   207 


323871 
325926 
327972 
330008 
332034 
334051 
336059 
338058 
340047 
342028 


324077  206 
326131  205 
328176  294 
330211  203 
332236  202 
334253  ,  202 
336260  201 
338257  200 
340246 ,  199 
342225  198 


Logsrithms  of  Numbers. 
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No.  2200 2800 

Log.  342423 

-447158 

So.      0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

220.342423  342620 

342817 

343014 

343212 

343409  343606  343802 

343999 

34419C 

197 

221:344392  344589 

344785 

344981 

345178 

345374  345570:345766 

345962 

346157 

196 

2221346353  346549  346744 

346939 

347135 

347330  347525 ' 347720 

347915 

348110 

195 

223  348305  348500  '  348694 

348889 

349083 

349278  341^472 '349666 

340860 

350054 

194 

224  350248  .  350442  350636 

350829 

351023 

351216  351410  351603 

351796 

351989 

193 

22o  352182!  352375  352568 

352761 

352954 

353147  353339 ' 353532 

353724 

353916 

193 

226  354108:354301  354493 

354685 

354876 

355068  355260,355452 

355643 

355834 

192 

227  356026  !  356217  \  356408 

356599 

356790 

356981  357172 

357363 

357554 

357744 

191 

228  357935 

358125  358316 

358506 

358696 

358886  359076 

359266 

359456 

359646 

190 

229  359835 

360025  360215 

- ^_ . . 

360404 

360593 

360783  360972 

361161 

361350 

361539 

189 

230  361728,361917  362105 

362294 

362482 

362671  362859 

363048 

363236 

363424 

188 

231  363612  363800  363988 

364176 

364363 

364551 '364739 

364926 

365113 

365301 

188 

232  365488  365675  365862 

366049 

366236 

366423  366610 

366796 

366983 

367169 

187 

233  367356  367542  367729 

367915 

368101 

368287  368473 

368659 

368844 

369030 

186 

234  369216,369401  369587 

369772 

369958 

370143  370328 

370513 

370698 

370883 

185 

235  371068 '371253  371437 

371622 

371806 

371991  372175 

372360 

372544 

372728 

184 

236  372912  373096  373280 

373464 

373647 

373831  374015 

374198 

374382 

374565 

184 

237  374748  374932  375113 

375298 

375481 

375664  375846 

376029 

376212 

376394 

183 

238  376577  376759  376942 

377124 

377306 

377488  377670 

377852 

378034 

378216 

182 

239  378396 

240  380211 

378580  378761 

378943 

379124 

379306 ' 379487 

379668 

379849 

380030 

181 

380392  380573 

380754 

380934 

381115  381296 

381476 

381656 

381H37 

181 

241  382017  382197  382377 

382557 

382737 

382917 

383097 

383277 

383456 

383636 

180 

242  383815  383995  384174 

384353 

384533 

384712 

384891 

385070 

385249 

385428 

179 

242^385606  385785  385904 

386142 

386321 

386499 

386677 

386856 

387034 

387212 

178 

244  387390  387568  387746 

387923 

388101 

388279 

388456 

388634 

388811 

388989 

178 

245  389166  389343  389520 

389697 

389875 

390051 

390228  ^90405 

390582 

390759 

177 

246  390935  391112  391288 

391464 

391641 

391817 

391993 

392169 

392345 

392521 

176 

247  392697  392873  393048 

393224 

393400 

393575 

393751 

393926 

394101 

394277 

176 

248  394452  394627  394802 

394977 

395152 

395326 

395501 

395676 

395850 

396025 

175 

249  396199 

250  397940 

396374  396548 

396722 

396896 

3970^1 

397245 

397418 

397592 

397766 

174 

398114  398287 

398461 

398634 

398808 

398981 

399154 

399327 

399501 

173 

251  399674  ,  399847  400020 

400192 

400^5 

400538 

400711 

400883 

401056 

401226 

173 

252  401400  401573  401745 

401917 

402089 

402261 

402433 

402605 

402777 

402949 

172 

253  403120  1403292  403464 

403635 

403607 

403978 

404149 

404320 

404492 

404663 

171 

254  404834  405005  405175 

405346 

405517 

405688 

405858 

406029 

406199 

406370 

171 

255  406540  '  406710  406881 

407051 

407221 

407391 

407561 

407731 

407900 

408070 

170 

256  408240 

408410  408579 

408749 

408918 

409087 

409257 

409426 

409595 

409764 

169 

257  409933 

410102  410271 

410440 

410608 

410777 

410946 

411114 

411283 

411451 

169 

258  411620 

411788  411956 

412124 

412292 

412460 

412628 

412796 

412964 

413132 

168 

259 
260 

413300 

413467 

413635 

413802 

413970 

414137 

414305 

414472 

414639 

414806 

167 

414973 

415140 

415307 

415474 

415641 

415808 

415974 

416141 

416306 

416474 

167 

261  416640 '416807  416973 

417139 

417306 

417472 

417638 

417804 

417970 

418135 

166 

262  418301  ,418467  418633 

418798 

418964 

419129 

419295 

419460 

419625 

419791 

165 

263  419956  420121  "420286 

420451 

420616 

420781 

420945 

421110 

421275 

421439 

165 

264  421604  421768  i  421933 

422097 

422261  422426 

422590 

422754 

422918 

423082 

164 

265  423246  423410  423573 

423737 

423901 1 424064 

424228 

424392 

424555 

424718 

164 

266  424882  425045  425208 

425371 

425534 

425697 

425860 

426023 

426186 

426349 

163 

267  426511  426674  ;  426836 

426999 

427161 

427324 

427486 

427648 

427811 

427973 

162 

268  428135  428297 

426459 

428621 

428782 ' 428944 

429106 

429268 

429429 

429591 

162 

269  429752 
270 1 431364 

429914 

430075 

430236 

430398 1 430559 

430720 

430881 

431042  431203 

161 

431525 

431685 

4318461 432007,432167 

432328 

432488 

432649  432809 

160 

271  432969  433129 

433290 

433450 

433610  433770 

433930 

434090 

434249 

434409 

160 

272  434569 

434728 

434688 

435048 

435207 ' 435366 

435526 

435685 

435844 

436003 

159 

273  436163 

436322 

436481 

436640 

436798  436957 

437116 

437275 

437433 ;  437592 

159 

274  437751 

Ate  *     ,  _  _  _ 

437909 

436067 

438226 

438384  438542 

438700 

438859 

439017 

439175 

158 

275  439333 

^m  ^9  ^^                 M       ^    ^k  ^b.  —  .^ 

439491 

439648 

439806 

439964  440122 

440279 

440437 

440594 

440752 

158 

2/6  440909 

#l^at   ... 

441066 

441224 

441361 

441538  441695 

441852 

442009 

442166 

442323 

157 

277 

442480 

442636 

442793 

442950 

443106  443263 

443419 

443576 

443732  1  44388!^ 

157 

278 
279 

444045 

444201 

444357  444513 

444669  444825 

444961 

445137 

445293 

445448 

156 

445604 

445760 

445915  446071 

446226  446382 

446537 

446692 

446846 

447003 

155 

b 

1 

2  18    4  1  6 

6 

7 

8  j 

y  ^ 
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Logarithms  of  Nurabon. 

No  2800      3400                Loir  4471  "^A-    ..  K^i^^a 

i^^^                          ^«*'H«  m 

No. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9  tDiff 

280 

447158 

447313 

447468 

447623 

447778 

447933 

448088 

448242 

448327 

446512  m 

281 

448706 

448861 

449015 

449170 

449324 

449478 

449633 

449787 

449941 

456095 

151 

282 

450249 

450403 

450557 

450711 

450865 

451018 

451172 

451326 

461479 

45163S 

154 

283 

451786 

451940 

452093 

452247 

452400 

452553 

452706 

452859 

453012 

453165 

153 

284 

453318 

453471 

453624 

453777 

453930 

454082 

454235 

454387 

454640 

4M69S 

15S 

285 

454845 

454997 

455149 

455302 

455454 

455606 

455758 

455910 

456082 

458214  l» 

286 

456366 

456518 

456670 

456821 

456973 

457125 

457276 

457428 

4575i79 

457730 

152 

287 

457882 

458033 

458184 

458336 

458487 

458638 

458789 

458940 

439091 

459242 

151 

288 

459392 

459543 

459694 

459845 

459995 

460146 

460296 

460447 

460597 

460747 

151 

289 

460898 

461048 

461198 

461348 

461498 

461649 

461799 

461948 

462098 

462948 

]5« 

290 

462398 

462548 

462697 

462847 

462997 

463146 

463296 

463445 

463S94 

463744 

150 

291 

463893 

464042 

464191 

464340 

464489 

464639 

464787 

464936 

46MB6 

465231 

149 

292 

465383 

465532 

465660 

465829 

465977 

466126 

466274 

466423 

466571 

466719 

149 

293 

466868 

467016 

467164 

467312 

467460 

467608 

467756 

467904 

468052 

468200 

I4fl 

294 

468347 

468495 

468643 

468790 

468938 

469085 

469233 

469380 

469587 

469675 

148 

295 

469822 

469969 

470116 

470263 

470410 

470557 

470704 

470851 

470098 

471145 

147 

296 

471292 

471438 

471585 

471732 

471878 

472025 

472171 

472317 

472464 

472610 

147 

297 

472756 

472903 

473049 

473195 

473341 

473487 

473633 

473779 

473925 

471070 

146 

298 

474216 

474362 

474508 

474653 

474799 

474944 

475090 

475235 

475381 

475526 

14« 

299 

475671 

475816 

475962 

476107 

476252 

476397 

476542 

476687 

476832 

476976 

145 

300 

477121 

477266 

477411 

477555 

477700 

477844 

477989(478133 

478278 

478422 

145 

301 

478566 

478711 

478855 

478999 

479143 

479287 

479431 

479575 

479719 

479863 

144 

302 

480007 

480151 

480294 

480438 

480582 

480725 

480869 

481012 

481156 

481299 

144 

303 

481443 

481586 

481729 

481872 

482016 

482159 

482302 

482445 

482588 

482731 

143 

304 

482874 

483016 

483159 

483302 

483445 

483587 

483730 

483872 

484015 

484157 

145 

305 

484300 

484442 

484584 

484727 

484869 

485011 

485153 

485295 

485437 

485579 

142 

306 

485721 

485863 

486005 

486147 

486289 

486430 

486572 

486714 

486855 

486997 

142 

307 

487138 

487280 

487421 

487563 

487704 

487845 

487986 

488127 

488269 

488410 

141 

308 

488551 

488692 

488833 

488973 

489114 

489255 

489396 

489537 

489677 

489818 

141 

809 
310 

489958 

490099 

490239 

490380 

490520 

490661 

490801 

490941 

491681 

491222 

240 

491362 

491502 

491642 

491782 

491922 

492062 

492201 

492341 

493481 

492621 

140 

311 

492760 

492900 

493040 

493179 

493319 

493458 

493597 

493737 

493876 

494015 

139 

312 

494155 

494294 

494433 

494572 

494711 

494850 

494989 

495128 

49S267 

495406 

139 

313 

495544 

495683 

495822 

495960 

496099 

496237 

496376 

496514 

496653 

496791 

139 

314 

496930 

497068 

497206 

497344 

497482 

497621 

497759 

497897 

498035 

^8173 

138 

315 

498311 

498448 

498586 

498724 

498862 

498999 

499137 

499275 

499412 

499550 

138 

316 

499687 

499824 

499962 

500099 

500236 

500374 

500511 

500648 

500785 

S00922 

137 

317 

501059 

50119i5 

501333 

501470 

501607 

501744 

501880 

502017 

56B154 

502290  iU7 

318 

602427 

502564 

502700 

502837 

502973 

503109 

503246 

503382 

503518 

503654 '13« 

319 

503791 

503927 

504063 

504199 

504335 

504471 

504607 

504743 

504878 

505014 

W€ 

320 

505150 

505286 

505421 

505557 

505692 

505828 

505963 

006099 

506234 

506370 

Tm 

321 

506505 

506640 

506775 

506911 

507046 

507181 

507316 

507451 

507586 

507721 

135 

322 

507856 

507991 

508125 

508260 

508395 

508530 

508664 

508799 

508933 

509068 

135 

323 

509202 

509337 

509471 

509606 

509740 

509874 

M0008 

510143 

510277 

510411 

134 

824 

510545 

510679 

510813 

510947 

511081 

511215 

511348 

511482 

511616 

511750 

134 

325 

511883 

512017 

512150 

512284 

512417 

512551 

512684 

512818 

512951 

513084 

133 

326 

513218 

513351 

513484 

513617 

513750 

513883 

514016 

514149 

514282 

514415 

133 

327 

514548 

514680 

514813 

514946 

515079 

515211 

515344 

515476 

515609 

515741 

133 

328  615874 

516006 

516139 

516271 

516403 

516535 

516668 

516800 

516932 

517064 

132 

329:517196 

517328 

517460 

517592 

517724 

517855 

517967 

518U9 

518251 

518382 

132 

330 

518514 

5186%5 

518777 

518909 

519040 

519171 

519308 

519434 

519565 

519697 

131 

331 

519828 

519959 

520090 

520221 

520352 

520483 

520614 

520745 

520876 

521007 

131 

332 

521138 

521269 

521400 

521530 

521661 

521792 

521922 

522063 

522183 

522314 

131 

333 

522444 

522575 

522705 

522835 

522966 

523096 

523226 

528356 

523486 

623616 

130 

334 

523746 

523876 

524006 

524136 

524266 

524396 

524526 

524656 

524785 

524915 

130 

335 

525045 

.525174 

525304 

525434 

525563 

525693 

525822 

525951 

526081 

526210 

129 

336 

526339 

526468 

526598 

526727 

526856 

526985 

527114 

527243 

527372 

527561 

129 

337 

527630 

527759 

527886 

528016 

528145 

528274 

528402 

528531 

528660 

528788 

129 

338 

528917 

529045 

529174 

529302 

529430 

529559 

529687 

529815 

529943 

530072 

121^ 

339 

530200 

530328 

530456 

530584 

530712 

530840  530968 

531095 

531223 

531351 

120 

0 

1 

2 

8 

4    6  ■  6  1  7  1 

8 

9 
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No.  3400- 


-4000 


Log.  531479- 


•602060 


No. 

O 

1 

a 

3 

4 

6 

6 

7 

8 

9 

Diff 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 

5SU79 
53S7ft4 
SS4086 
535294 
536558 
557819 
539076 
540329 
541579 
548825 

531607 
632882 

534153 
535421 
536685 
537945 
539202 
540455 
541704 
542950 

531734 
533009 
534280 
535547 
536811 
538071 
539327 
540580 
541829 
543074 

531862 
533136 
534407 
535674 
536937 
538197 
539452 
540705 
541953 
543199 

531990 
533263 
534534 
535800 
537063 
538322 
539578 
540830 
542078 
543323 

532117 
533391 
534661 
535927 
537189 
538448 
539703 
540955 
542203 
543447 

532245 
533518 
534787 
536053 
537315 
538574 
539829 
541080 
542327 
543571 

532372 
533645 
534914 
536179 
537441 
538699 
539954 
541205 
542452 
543696 

532500 
533772 
535041 
536306 
537567 
538825 
540079 
541330 
542576 
543820 

532627 
533899 
535167 
536432 
537693 
538951 
540204 
541454 
542701 
543944 

128 
127 
127 
126 
126 
126 
125 
125 
125 
124 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 

544068 
545307 
546543 
547775 
549003 
550228 
551450 
552668 
553683 
555094 

544192 
545431 
546666 
547898 
549126 
550351 
551572 
552790 
554004 
555215 

544316 
545554 
546789 
548021 
549249 
550473 
551694 
552911 
554126 
555336 

544440 
545678 
546913 
548144 
549371 
550595 
551816 
553033 
554247 
555457 

544564 
545802 
547036 
548266 
549494 
550717 
551938 
553154 
554368 
555578 

544688 
545925 
547159 
548389 
549616 
550840 
552059 
553276 
554489 
555699 

544812 
546049 
547282 
548512 
549739 
550962 
552181 
553398 
554610 
555820 

544936 
546172 
547405 
548635 
549861 
551064 
552303 
553519 
554731 
555940 

545060 
546296 
547529 
548758 
549984 
551206 
552425 
553640 
554852 
556061 

545183 
546419 
547652 
548881 
550106 
551328 
552546 
553762 
554973 
556182 

124 
124 
123 
123 
123 
122 
122 
121 
121 
121 

360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

370 
371 
372 
373 
374 
375 
376 
377 
378 
379 

380 
381 
382 
383 

384 
385 
386 
387 
388 
389 

390 
391 
392 

393 
394 
395 
39v 
397 
398 
399 

^556302 
557507 
558709 
559907 
561101 
562293 
563481 
564666 
565848 
567026 

556423 
557627 
558829 
560026 
561221 
562412 
563600 
564784 
565966 
567144 

556544 
557748 
558949 
560146 
561340 
562531 
563718 
564903 
566084 
567262 

556664 
557868 
559068 
560265 
561459 
562650 
563837 
565021 
566202 
567379 

556785 
557988 
559188 
560385 
561578 
562769 
563955 
565139 
566320 
567497 

556905 
558108 
559308 
560504 
561698 
562887 
564074 
565257 
566437 
567614 

557026 
558228 
559428 
560624 
561817 
563006 
564192 
565376 
566555 
567732 

557146 
558348 
559548 
560743 
561936 
563125 
564311 
565494 
566673 
567849 

557267 
558469 
559667 
560863 
562055 
563244 
564429 
565612 
566791 
567967 

557387 
558589 
559787 
560982 
562174 
563362 
564548 
565730 
566909 
568084 

120 
120 
120 
119 
119 
119 
119 
118 
118 
118 

568202 
569374 
570543 
571709 
572872 
574081 
575188 
576341 
577492 
578639 

568319 
569491 
570660 
571825 
572988 
574147 
575303 
576467 
577607 
578754 

568436 
569608 
570776 
571942 
573104 
574263 
575419 
576572 
577721 
578868 

568554 
569725 
570893 
572058 
573220 
574379 
575534 
576687 
577836 
578983 

568671 
569842 
571010 
572174 
573336 
574494 
575650 
576802 
577951 
579097 

568788 
569959 
571126 
572291 
573452 
574610 
575765 
576917 
578066 
579212 

568905 
570076 
571243 
572407 
573568 
574726 
575880 
577032 
578181 
579326 

569023 
570193 
571359 
572523 
573684 
574841 
575996 
577147 
578295 
579441 

569140 
570309 
571476 
572639 
573800 
574957 
576111 
577262 
578410 
579555 

569257 
570426 
571592 
572755 
573915 
575072 
576226 
577377 
578525 
579669 

117 
117 
117 
116 
116 
116 
115 
115 
115 
114 

579784 
580925 
582063 
583199 
584331 
585461 
586587 
587711 
588832 
589950 

579898 
581039 
582177 
583312 
584444 
585574 
586700 
587823 
588944 
590061 

580012 
581153 
582291 
583426 
584557 
585686 
586812 
587935 
589056 
590173 

580126 
581267 
582404 
583539 
584670 
585799 
586925 
588047 
589167 
590284 

580240 
581381 
582518 
583652 
584783 
585912 
587037 
588160 
589279 
590396 

580355 
581495 
582631 
583765 
584896 
586024 
587149 
588272 
589391 
590507 

580469 
581608 
582745 
583879 
585009 
586137 
587262 
588384 
589503 
590619 

580583 
581733 
582858 
583992 
585122 
586250 
587374 
588496 
589615 
590730 

580697 
581836 
582972 
584105 
585235 
586362 
587486 
588608 
589726 
590842 

580811 
581950 
583085 
584218 
585348 
586475 
587599 
588720 
589838 
590953 

114 
114 
114 
113 
113 
113 
112 
112 
112 
112 

591065 
592177 
593286 
59439S 
595496 
596597 
597695 
598790 
599883 
600973 

591176 
592288 
593397 
594503 
595606 
596707 
597805 
598900 
599992 
601082 

591287 
592399 
593508 
594613 
595717 
596817 
597914 
599009 
600101 
601190 

591399 
592510 
59361B 
594724 
595827 
596927 
598024 
599119 
600210 
601299 

591510 
592621 
593729 
594834 
595037 
597037 
598134 
599228 
600319 
601408 

591621 
592732 
593840 
594945 
596047 
597146 
598243 
599337 
600428 
601517 

591732 
592843 
593950 
595055 
596157 
597256 
598353 
599446 
600537 
601625 

591843 
592954 
594061 
595165 
596267 
597366 
598462 
599556 
600646 
601734 

591955 
593064 
594171 
595276 
596377 
597476 
598572 
599665 
600755 
601843 

592066 
593175 
594282 
595386 
596487 
597585 
598681 
599774 
600864 
601951 

111 
111 
111 
110 
110 
110 
110 
109 
109 
109 

1^ 

i  0 

1 

2 

8 

'4 

6 

6 

7 

8 

» 
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Ntt.  4000 1600              Log.  602060 662758 

No. 

0    1 

2 

3 

4    6    6    7 

8 

9  m 

400 

602060  602169 

602277 

602386 

602494  602603  602211 !  602819 

602928 

603036  m 

401 

603144  603253 

603361 

603469 

603577  603686  603794  ;  603902 

604010 

604U8  loa 

402 

604226  604334 

604442 

604550 

604658  604766  604874  604982 

605089  '  605197  108  1 

403 

605305  605413 

605521 

605628 

605736  605844  605951 

606059 

606166!  606274  lOb  | 

404 

606381  606489 

606596 

606704 

606811  606919  i  607026 

607133 

607241 

607348  i  187  I 

405 

607455  607562 

607669 

607777 

607884*607991  608098 

608205 

608312 

608419 

107 

406 

608526  608633 

608740 

608847 

608954  1609061  609167 

609274 

609381 

609488 

107 

407 

609594  ,  609701 

609808 

609914 

610021 .  610128 

610234 

610341 

610447 

610554  1 107 

408 

610660  610767 

610873 

610979 

611086! 611192 

611298 

611405 

611511 

611617,106 

409 
.  410 

611723.611829 

611936 

612042 

612148  1  612254 

612360 

612466 

612572 

612678:106 

612784  1612890 

612996 

613101 

613207 

613313 

613419 

613525 

613630  ^  613736  10^  1 

411 

613842 '613947 

614053 

614159 

614264 

614370 

614475 

614581 

614686 '614792  106  | 

412 

614897  1  615003 

615108 

615213 

615319 

615424 

615529 

615634 

615740 

615845  m 

413 

615950:616055 

616160 

616265 

616370 

61G475 

616580 

616685 

616790 

616895  10& 

414 

617000:617105 

617210 

617315 

617420 

617524 

617629 

617734 

617839 

617943;  105 

415  1618048 1618^53 

618257 

618262 

618466 

618571 

618675 

618780 

618884 

618989 :  106 

410  6190931619198 

619302 

619406 

619511 

619615 

619719 

619823 

619928 

620032  m 

417  620136  620240 

620344 

620448 

620552 

620656 

620760 

620864 

620968 

621072 1  104 

418  621176  621280 

621384 

621488 

621592 

621695 

621799 

621903 

622007 

6221101104 

419  622214 

622318 

622421 

622525 

622628 

622732 

622835 

622939 

623042 

623146 !  104 

420  623249 

623353 

623456 

623559 

623663 

623766 

623869 

623972 

624076 

624179  103 

421  624282 j 624385 

624488 

624591 

624694 

624798 

624901 

625004 

625107 

625209; 103 

422:625312  625415 

1            ■ 

625518 

625621 

625724 

625827 

625929 

626032 

626U5 

626238 

103 

423  626340  626443 

626546 

626648 

626751 

626853 

626956 

627058 

627161 

627263 

103 

424  027360 1627468 

627571 

627673 

627775 

627878 

627980 

628082 

628184 

628287 

102 

425  '  628389  ,  628491 

628593 

628695 

628797 

628900 

629002 

629104 

629206 

629308 

102 

426,629410  629511 

629613 

629715 

629817 

629919 

630021 

630123 

630224 

630326 

102 

427  630428  630530 

630631 

630733 

630834 

63093& 

631038 

631139 

631241 

6313421102  1 

428  631144  1  631545 

631647 

631748 

631849 

631951 

632052 

632153 

632255 

632356  10]  1 

429 

632457  632558 

632660 

632761 

632862 

632963 

633064 

633165 

633266 

633367 

101 

430 

633468  633569 

633670 

633771 

633872 

633973 

634074 

634175 

634276 

654376 

101 

431  .634477 1634578 

634679 

634779 

634880 

634981 

635081 

635182 

635283 

635383 

101 

432,  635481 |6355S4 

635685 

635785 

635886 

635986 

636086 

636187 

636287 

636388 

100 

433,636488 

636588 

636688 

636789 

636889 

636989 

637089 

637189 

637289 

637390  100  1 

434  1  637490 

537590 

637690 

637790 

637890 

637990 

638090 

638190 

638289 

636389 

100 

435  '  6:^8489 

638589 

638689 

638789 

638888 

638988 

639088 

639188 

639287 

639387 

100 

430  630186 

639586 

639686 

639785 

639885 

639984 

640084 

640183 

640283 

640382 

09 

437  r,  10 181 

610581 

640680 

640779 

640879 

640978 

641077 

641176 

641276 

641375 

99 

43S  (;41474 

641573 

641672 

641771 

6418-70 

641970 

642069 

642168 

642267 

642366 

99 

4'U) 

ril2164 

642563 

642662  642761 ] 642860 

642959 

643058 

643156 

643255 

643354 

99 

(40 

64)153-643551 

1 

643650 

643749  643847 

643946 

644044 

644143 

644242 

644340 

"^8 

HI  ,6H439|  644537 

644635 

644734 , 644832 

644931 

645029 

645127 

645226 

645324 

9S 

442  615422 

645520 

645619 

645717  645815 

615913 

646011 

646109 

646208 

646306 

98 

143,64f»4n4 

646502 

646600 

646698  646796 

646894 

646991 

617089 

647187 

647285 

98 

4n  1647383 

647481 

647579 

647676  647774 

647872 

647969 

648067 

648165 

648262 

9S 

415|64H360 

648458 

648555 

648653  {  648750 

648848 

648945 

649043 

649140 

649237 

97 

4  461649335 

649432 

649530 

649627 :  649724  '  649821 

649919 

650016 

650113 

650210 

97 

4  17  650307 

650405 

650502 

650599  650696  650793 

650890 

650987 

651084 

651181 

97 

4 18 '651278 

651375 

651472 

651569,  651666  1651762 

651859 

651956 

652053 

652150 

97 

4  10  1 652246 
150  653213 

652343 
653309" 

652440 

652536  6526331652730 

652826 

652923 

653019 

653116 

97 

653405 

653502  653598 1 653695 

653791 

653888 

653984 

6540S0 

'96 

i  '•:^ 

654176 

654273 

654369 

654465  6545621654658 

654754 

654850 

654946 

655042 

96 

1  152  655138 

655234 

655331 

655427  655523  655619 

655714 

655810 

655906 

656002 

96 

1  153  105^098 

656194 

656290 

656386  656481  '  656577 

656673 

656769 

656864 

656960 

96 

1  151  6r.r056 

657151 

657247 

657343  657438  657534 

657629 

657725 

657820 

657916 

96 

• 

r,  'HOll 

658107 

658202 

658298  658393  658488 

658584 

658679 

658774 

658870 

95 

I     »-^ 

05S065 

659060 

659155 

659250  659346  659441 

659536 

659631 

659726 

659821 

95 

*   l.'w  '».>'.P'.UO 

660011 

660106 

660201  660296  660391 

660486 

660581 

660676 

660771 

95 

1  <'»i ;  r.r.ivuij 

6609^0 

661055 

661150  661245  '  661339 

661434 

661529 

661623 

661718 

95 

15 '»  1  r)f)lM13 

661907 
1~ 

662002 

**  2 

662096  662191  662285 

662380 

662474 

662569 

6626631  95  1 

u 

3  1   4  1   6 

6 

7 

8 

9   -| 

TABLE    4. 
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Logarithms   of  Nambers. 


No.  4600- 


-5200 


Log.  662758 716003 


No  J 

'4t>0 
461 
462 
46i 
464 
465 
466 
467 

469  i 

4  70 

471  \ 

472 

473 

474 

475 

476 

477 

478 

479 


o 


662758 
663701 
664C42 

605581 
666618 
6G7453 
668386 
669317 
670246 
1671173 

672098 
673021 
673942 
674861 
675778 
676694 
677607 
678518 
679428 
680335 


662852 

663795 

664736 

\ 665675 

, 666612 

' 667546 

668479 

669410 

, 670339 

'671265 

672190 
673113 
674034 
674953 
675870 
, 676785 
677698 
678609 
679519 
680426 


662947 
663889 
664830 
665769 
666705 
667640 
668572 
669503 
670431 
671358 


I  663041 

' 663983 

I  664924 

I 6G5862 

;  6G6799 

.  667733 

668665 

669596 

670524 

671451 


663135 
664078 
665018 
665956 
666892 
667826 
668758 
669689 
670617 
671543 


6 


480 
481 

482 
483 
484 
485 

486 
4«7 

488 

Tyo" 

491 
492 
493 
494 
495 
496 
407 
498 
499 


681241 
682145 
683047 
683947 
684845 
685742 
686636 
687529 
688420 
689309 


681332 
682235 
683137 
684037 
684935 
685831 
686726 
687618 
688509 
6b9398 


600196 
691081 
691965 
692847 
693727 
694605 
695482 
606356 
697229 
698100 


690285 
691170 
692053 
692935 
693815 
694693 
695569 
696444 
697317 
698188 


500  i  698970 

501  I  699838 
r00704 


502 
503 
504 
505 
506 
507 
508 
509 


01568 
02430 
03291 
04150 
05008 
05864 
06718 


699057 
699924 
700790 
701654 
702517 
703377 
704236 
705094 
705949 
706803 


07570 
08421 
09270 
10117 
10963 
11807 
12650 
13490 
14330 
15167 


0 


707655 
708506 
709355 
710202 
711048 
711892 
712734 
713574 
714414 
715251 


672283 
673205 
674126 
675045 
675962 
676876 
677789 
678700 
679610 
680517 


681422 
682326 
683227 
684127 
685025 
685921 
686815 
687707 
688598 
689186 


690373 
691258 
692142 
693023 
693903 
694781 
695657 
696531 
697404 
698275 


699144 
700011 
700877 
701741 
702603 
703463 
704322 
705179 
706035 
706888 


672375 
673297 
674218 
675136 
676053 
676968 
677881 
678791 
679700 
680607 


672467 
673390 
674310 
675228 
676145 
677059 
677972 
678882 
679791 
680698 


081513 
G82416 
68.^17 
684217 
685114 
686010 
686904 
687796 
688687 
689575 


681603 
682506 
683407 
684307 
685304 
686100 
686994 
687886 
688776 
689664 


690462 
691347 
692230 
693111 
693991 
694868 
695744 
696618 
697491 
698362 


690550 
691435 
692318 
693199 
694078 
694956 
695832 
696706 
697578 
698448 


707740 
708591 
709440 
710287 
711132 
711976 
712818 
713658 
714497 
715335 


699231 
700098 
700963 
701827 
702689 
703549 
704408 
705265 
706120 
706974 

707826 
708676 
709524 
710371 
711216 
712060 
712902 
713742 
714581 
715418 

3 


699317 
00184 
01050 
01913 
02775 
03635 
04494 
05350 
06206 
07059 

07911 
08761 
09609 
10456 
11301 
12144 
12986 
13826 
14665 
15502 


663230 
664172 
665112 
666050 
666986 
667920 
668852 
669782 
670710 
671636 


672560 
673482 
674402 
675320 
676236 
677151 
678063 
678973 
679882 
680789 


663324 

664266 

665206 ' 

666143 

667079 

668013 , 

668945 

669875 

670802 

671728 

672652 
673574 
674494 
675412 
676328 
677242 , 
678154  . 
679064  j 
679973  ' 
680879  ! 


663418 
664360 
665299 
666237 
667173 
668106 
669038 
669967 
670895 
671821 


663512 
664454 
665393 
666331 
667266 
668199 
669131 
670060 
670988 
671913 


672744 
673666 
674586 
675503 
676419 
677333 
678245 
679155 
680063 
680970 


672836 
673758 
674677 
675595 
676511 
677424 
678336 
679246 
680154 
681060 


681693 
682596 
683497 
684396 
685294 
686189 
687083 
687975 
688865 
689753 


681784 
682686 
683587 
684486 
685383 
686279 
687172 
688064 
688953 
689841 


690639 
691524 
692406 
693287 
694166 
695044 
695919 
696793 
697665 
698535 


690727 
691612 
692494 
693375 
694254 
695131 
696007 
696880 
697752 
698622 


699404 

700271 

701136 

701999 

702861 

703721  , 

704579 . 

705436 

706291 

707144 

707996 
708846 
709694 
710540 
711385 
712229 
713070 
713910 
714749 
715586 


699491 
700358 
701222 
702086 
702947 
703807 
704665 
705522 
706376 
707229 


708081 
708931 
709779 
710625 
711470 
712313 
713154 
713994 
714832 
715669 


6  I  0 


681874 
682777 
683677 
684576 
685473 
686368 
687261 
688153 
689042 
689930 


681964 
682867 
683767 
6846G6 
685563 
686157 
687351 
688242 
689131 
690019 


690816 
691700 
692583 
693463 
694342 
695219 
696094 
696968 
697839 
698709 


690905 
691789 
692671 
693551 
694430 
695307 
696182 
697055 
697926 
698796 


699578 
700444 
701309 
702172 
703033 
703893 
704751 
705607 
706462 
707315 


663607 
664548 
665487 
666424 
667359 
668293 
669224 
670153 
671080 
672005 

"672929 
673850 
674769 
675687 
676602 
677516 
678427 
679337 
680245 
681151 


i>j 


708166 
709015 
709863 
710710 
711554 
712397 
713238 
714078 
714916 
715753 


699G64 
700531 
701395 
702253 
703119 
703979 
704837 
705693 
706547 
707400 

708251' 

709100 

709918 

710794 

711638 

712481 

713322  I 

714162! 

715000 

715836 


6820 

682957 

68.1857 

684 75G 

685652 

68G547 

6H7440 

688331 

689220 

690107 

690993 
691877 
692759 
693639 
694517 
695394 
696269 
697142 
698013 
698883 

699751 
700617 
701482 
702344 
7  0.^205 
704065 
704922 
705 7 7H 
706632 
707485^ 

~7'(r833"G" 
709185 
710033 
710879 
711723 
712566 
713406 
714246 
715084 

^15920 

"   9  ' 
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Logarithms  of  Numbers. 


No.  5200- 


-5800 


Log.  716003 


•763428 


No. 


0 


3 


6 


6 


8 


9 


Diff 


520 
521 
522 
523 
524 
525 
526 
527 
528 
529 


716003 
716838 
717671 
718502 
719331 
720159 
720986 
721811 
722634 
723456 


716087 
716921 
717754 
718585 
719414 
720242 
721068 
721893 
722716 
723538 


716170 
717004 
717837 
718668 
719497 
720325 
721151 
721975 
722798 
723620 


716254 
717088 
717920 
718751 
719580 
720407 
721233 
722058 
722881 
723702 


530 
531 
532 
533 
534 
535 
536 
537 
538 
539 


724276 
725095 
725912 
726727 
727541 
728354 
729165 
729974 
730782 
731589 


540 
541 
542 
543 
544 
545 
546 
547 
548 
549 


732394 
733197 
733999 
734800 
735599 
736396 
737193 
737987 
738781 
739572 


550  I  740363 

551  I  741152 

552  I  741939 

553  '  742725 

554  743510 

555  744293 

556  i  745075 
557 ! 745855 

558  746634 

559  747412 


560  748188 

561  j  748963 
562 '  749736 

563  '  750508 

564  ;  751279 

565  752048 
566 '  752816 
567 :  753583 

568  754348 

569  755112 


570 
571 
572 
573 
574 
575 
576 
677 
578 
579 


755875 
756636 
757396 
758155 
758912 
759668 
760422 
761176 
761928 
762679 


724358 
725176 
725993 
726809 
727623 
728435 
729246 
730055 
730863 
731669 


724440 
725258 
726075 
726890 
727704 
728516 
729327 
730136 
730944 
731750 


724522 
725340 
726156 
726972 
727785 
728597 
729408 
730217 
731024 
731830 


732474 
733278 
734079 
734880 
735679 
736476 
737272 
738067 
738860 
739651 


740442 
741230 
742018 
742804 
743588 
744371 
745153 
745933 
746712 
747489 


748266 
749040 
749814 
750586 
751356 
752125 
752893 
753660 
754425 
755189 


755951 
756712 
757472 
758230 
758988 
759743 
760498 
761251 
762003 
762754 


732555 
733358 
734159 
734960 
735759 
736556 
737352 
738146 
738939 
739730 


732635 
733438 
734240 
735040 
735838 
736635 
737431 
738225 
739018 
739810 


740521 
741309 
742096 
742882 
743667 
744449 
745231 
746011 
746790 
747567 


740599 
741388 
742175 
742961 
743745 
744528 
745309 
746089 
746868 
747645 


716337 
717171 
718003 
718834 
719663 
720490 
721316 
722140 
722963 
723784 


716421 
717254 
718086 
718917 
719745 
720573 
721398 
722222 
723045 
723866 


716504 
717338 
718169 
719000 
719828 
720655 
721481 
722305 
723127 
723948 


724603 
725422 
726238 
727053 
727866 
728678 
729489 
730298 
731105 
731911 


732715 
733518 
734320 
735120 
735918 
736715 
737511 
738305 
739097 
739889 


748343 
749118 
749891 
750663 
751433 
752202 
752970 
753736 
754501 
755265 


748421 
749195 
749968 
750740 
751510 
752279 
753047 
753813 
754578 
755341 


756027  I 
756788 ' 
757548 ; 
758306 
759063  j 
759819  I 
760573  I 
761326  I 
762078  I 
762829  I 


756103 
756864 
757624 
758382 
759139 
759894 
760649 
761402 
762153 
762904 


740678 
741467 
742254 
743039 
743823 
744606 
745387 
746167 
746945 
747722 


724685 
725503 
726320 
727134 
727948 
728759 
729570 
730378 
731186 
731991 


724767 
725585 
726401 
727216 
728029 
728841 
729651 
730459 
731266 
732072 


716588 
717421 
718253 
719083 
719911 
720738 
721563 
722387 
723209 
724030 


716671 

717504 

718336 

719165 

719994 

720821 

721646 

722469 

723291 

724112 


732796 
733598 
734400 
735200 
735998 
736795 
737590 
538384 
739177 
739968 


732876 
733679 
734480 
735279 
736078 
736874 
737670 
738463 
739256 
740047 


748498 
749272 
750045 
750817 
751587 
752356 
753123 
753889 
754654 
755417 


756180 
756940 
757700 
758458 
759214 
759970 
760724 
761477 
762228 
762978 


740757 
741546 
742332 
743118 
743902 
744684 
745465 
746245 
747023 
747800 


748576 
749350 
750123 
750894 
751664 
752433 
753200 
753966 
754730 
755494 


756256 
757016 
757775 
758533 
759290 
760045 
760799 
761552 
762303 
763053 


740836 
741624 
742411 
743196 
743980 
744762 
745543 
746323 
747101 
747878 


724849 
725667 
726483 
727297 
728110 
728922 
729732 
730540 
731347 
732152 


716754 
717587 
718419 
719248 
720077 
720903 
721728 
722552 
723374 


83 
83 
83 
83 
83 
83 
82 
92 
82 


724194 :  82 


732956 
733759 
734560 
735359 
736157 
736954 
737749 
738543 
739335 
740126 


728273 


724931 

725748 

726564 

727379 

728191  I 

729003    729084 

729813  1  729893 

730621 

731428 

732233 


725013,  82 

725830    82 

726646    82 

727460    81 

81 

81 

81 

81 

81 

8] 


730702 
731508 
732313 


735439    735519 


733037(733117,  80 

733839    733919    M 
734640    734720    8d 

80 

80 
80 
79 
79 
79 


736237 
737034 
737829 
738622 
739414 
740205 


740915 
741703 
742489 
743275 
744058 
744840 
745621 
746401 
747179 
747955 


740994 
741782 
742568 
743353 
744136 
744919 
745699 
746479 
747256 
748033 


748653 
749427 
750200 
750971 
751741 
752509 
753277 
754042 
754807 
755570 


756332 
757092 
757851 
758609 
759366 
760121 
760875 
761627 
762378 
763128 


748731 
749504 
750277 
751048 
751818 
752586 
753353 
754119 
754883 
755646 


756408 
757168 
757927 
758685 
759441 
760196 
760950 
761702 
762453 
763203 


748808 
749582 
750354 
751125 
751895 
752663 
753430 
754195 
754960 
755722 


756484 
757244 
758003 
758761 
759517 
760272 
761025 
761778 
762529 
763278 


741073 

741860 

742647 

743431 

744215 

744997 

745777 

746556 

747334 

748110 


736317 
737113 
737908 
738701 
739493 
740284 1  79 

79 
79 
79 
78 
78 
78 
78 
78 

76 
78 

77 
77 
77 
77 
77 
77 
77 
77 
76 

IL 
76 

76 

76 

76 

76 

75 

75 

75 

75 

75 


748885 
749659 
750431 
751202 
751972 
752740 
753506 
754272 
755036 
755799 


756560 
757320 
758079 
758836 
759592 
760347 
761101 
761853 
762604 
763353 


■  ■  ■ 

8  P» 


0 


2 


4  I  6 


6 
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LogarithmB  of  Numbers. 


No.  5800- 


-6400 


M 


»0O 

Wl 

S92 

S83 

&84 

S8& 

586 

587 

588 

589 


754176; 

764923 

765669 

766413 

767156 

767898 

768638 

769377 

770115 


763503 
764251 
764998 
765743 
766487 
767230 
767972 
768712 
769451 
770189 


763578 
764326 
765072 
765818 
766562 
767304 
768046 
768786 
769525 
i  770263 


763653 
764400 
765147 
765892 
766636 
767379 
768120 
768860 
769599 
770336 


590  770852 

591  771587 

592  778322 

593  773055 

594  773786 
595 1  774517 
596 1  775246 
597  >  775974 


598 
599 


600 
601 
602 
603 
604 
605 
606 
607 
608 
609 


776701 
777427 


770926 
771661 
772395 
773128 
773860 
774590 
775319 
776047 
776774 
777499 


770999 
771734 
772468 
773201 
773933 
774663 
775392 
776120 
776846 
777572 


771073 
771808 
772542 
773274 
774006 
774736 
775465 
776193 
776919 
777644 


763727 
764475 
765221 
765966 
766710 
767453 
768194 
768934 
769673 
770410 


Log.  763428- 

6 


778151 
778874 
779596 
780317 
781037 
781755 
782473 
783189 
783904 
784617 


778224 
778947 
779669 
780389 
781109 
' 781827 
782544 
783260 
783975 
784689 


778296 

! 779019 

I  779741 

I  780461 

781181 

' 781899 

782616 

783332 

784046 

784760 


778368 
779091 
779813 
780533 
781253 
781971 
782688 
783403 
784118 
784831 


771146 
771881 
772615 
773348 
774079 
774809 
775538 
776265 
776992 
777717 


763802 
764550 
765296 
766041 
766785 
767527 
768268 
769008 
769746 
770484 


610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

620 
621 
622 
623 
624 
625 
626 


785330 
786041 
786751 
787460 
788168 
788875 
789581 
790285 
790988 
791691 


785401 
786112 
786822 
787531 
788239 
788946 
789651 
790356 
791059 
791761 


785472 
786183 
786893 
787602 
788310 
789016 
789722 
790426 
791129 
791831 


792392 
793092 
793790 
794488 
795185 
795880 
796574 
627 1  797268 


628 
629 


630 
631 
632 
633 
634 
635 
636 
637 
638 
639 


797960 
798651 


792462 
793162 
793860 
794558 
795254 
795949 
796644 
797337 
1798029 
798720 


792532 
793231 
793930 
794627 
795324 
796019 
796713 
797406 
798098 
798789 


799341 
800029 
800717 
801404 
802089 
802774 
803457 
804139 
804821 
805501 


799409 
800098 
800786 
801472 
802158 
802842 
803525 
804208 
804889 
805569 


799478 
800167 
000854 
801541 
802226 
802910 
803594 
804276 
804957 
805^37 

2 


785543 
786254 
786964 
787673 
788381 
789087 
789792 
790496 
791199 
791901 


778441 
779163 
779885 
780605 
781324 
782042 
782759 
783475 
784189 
784902 


771220 
771955 
772688 
773421 
774152 
774882 
775610 
776338 
777064 
777789 


763877 

764624  I 

765370 

766115 

766859 

767601 

768342 

769082 

769820 

770557 


785615 
786325 
787035 
787744 
788451 
789157 
789863 
790567 
791269 
791971 


778513 
779236 
779957 
780677 
781396 
782114 
782831 
783546 
784261 
784974 


771293 
772028 
772762 
773494 
774225 
774955 
775683 
776411 
777137 
777862 


763952 
764699 
765445 
766190 
766933 
767675 
768416 
769156 
769894 
770631 


•806180 
8 


764027 
764774 
765520 
766264 
767007 
767749 
768490 
769230 
769968 
770705 


9  DiflF 


764101 
764848 
765594 
766338 
767082 
767823 
768564 
769303 
770042 
770778 


792602 
793301 
794000 
794697 
795393 
796088 
796782 
797475 
798167 
798858 


799547 
800236 
800923 
801609 
802295 
802979 
803662 
804344 
805025 
805705 


792672 
793371 
794070 
794767 
795463 
796158 
796852 
797545 
798236 
798927 


799616 
800305 
800992 
801678 
802363 
803047 
803730 
804412 
805093 
805773 


785686 
786396 
787106 
787815 
788522 
789228 
789933 
790637 
791340 
792041 


778585 
779308 
780029 
780749 
781468 
782186 
782902 
783618 
784332 
785045 


771367  I 

772102  I 

772835  ' 

773567  ' 

774298 

775028 

775756 

776483 

777209 

777934 


771440 
772175 
772908 
773640 
774371 
775100 
775829 
776556 
777282 
778006 


771514 

772248 

772981 

773713 

774444 

, 775173 

I  775902 

I  776629 

777354 

778079 


785757 
786467 
787177 
787885 
788593 
789299 
790004 
790707 
791410 
792111 


778658 
779380 
780101 
780821 
781540 
782258 
782974 
783689 
784403 
785116 


778730 

779452 

; 780173 

I  780893 

781612 

782329 

I  783046 

783761 

784475 

785i87 


778802 
779524 
780245 
780965 
781684 
782401 
783117 
783832 
784546 
785259 


792742 
793441 
794139 
794836 
795532 
796227 
796921 
797614 
798305 
798996 


799685 
800373 
801060 
801747 
802432 
803116 
803798 
804480 
805161 
805841 


792812 
793511 
794209 
794906 
795602 
796297 
796990 
797683 
798374 
799065 


799754 
800442 
801129 
801815 
802500 
803184 
803867 
804548 
805229 
805908 


6 


785828 
786538 
787248 
787956 
788663 
789369 
790074 
790778 
791480 
792181 


785899  ; 

786609 

787319 

788027 

788734 

789440 

790144 

790848 

791550 

792252 


785970 
786680 
787390 
788098 
788804 
789510 
790215 
790918 
791620 
792322 


792882 
793581 
794279 
794976 
795671 
796366 
797060 
797752 
798443 
799134 


799823 
800511 
801198 
801884 
802568 
803252 
803935 
804616 
805297 
805976 


792952 
793651 
794349 
795045 
795741 
796436 
797129 
797821 
798512 
799203 


799892 
800580 
801266 
801952 
802637 
803321 
804003 
804685 
805365 
806044 


793022 
793721 
794418 
795115 
795811 
796505 
797198 
797890 
798582 
799272 


799961 
800648 
801335 
802021 
802705 
803389 
804071 
804753 
805433 
806112 

9 
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No.  6400     7000               Log.  806180 845098 

No. 

0 

1 

2 

3 

4 

[  6. 

6 

7    8 

9  - 

Diff 

6^ 

G40  1  806180 

806248  806316 

806384 

806451 

806519 

806587 

806655  806723 

8O6790 

6U 

806858 

806926  806994 

807061 

807129 

807197 

807264 

807332  807400 

807467  6^ 

612 

807535 

807603  1  807670 

807738 

807806 

807873 

807941 

808008  808076 

808143'  6i^ 

64.'^  808211 

808279  ,  808346 

808414 

808481 

808549 

808616 

808684 

808751 

808818  (>'' 

6m'' 808886 

808953  809021 

809088 

809156 

809223 

809290 

809358  !  809425 

809492  6* 

645  809560 

809627 

809694 

809762 

809829 

809896 

809964 

810031  810098 

810165  ^>: 

646  810233 

810300 

810367 

810434 

810501 

810569 

810636 

810703 

810770 

810837  6: 

647  810904 

810971 

811038 

811106 

811173 

811240 

811307 

811374 

811441 

811509  f<: 

64H  1811575 

811642 

811709 

811776 

811843 

811910 

811977 

812044  812111 

812178  f: 

649 

812245 

812312 

812378 

812445 

812512 

812579 

812646 

812713 

812780 

812847 

'f: 

650 

812913 

812980 

813047 

813114 

813181 

813247 

813314 

813381  813446 

813514 

651 

813581 

813648 

813714 

813781 

813848 

813914 

813981 

814048 

814114 

814181  t>: 

652  !  814248 

814314 

814381 

814447 

814514 

814581 

814647 

814714  814780 

814847  (' 

653*814913 

814980 

815046 

815113 

815179 

815246 

815312 

815378,815445 

815511  t.' 

654 

815578 

Q15644 

815711 

815777 

815843 

815910 

815976 

816042  816109 

816175  V' 

655 

816241 

816308 

816374 

816440 

816506 

816573 

816639 

816705  816771 

816838  (y- 

656  1816904 

816970 

817036 

817102 

817169 

817235 

817301 

817367  817433 

817499  ^'■' 

657  817565 

817631 

817698 

817764 

817830 

817896 

817962 

818028  818094 

818160  »;«* 

658  1818226 

818292 

818358 

818424 

818490 

818556 

818622 

818688  818754 

818819  f" 

659 
660 

818885 

818951 

819017 

819083 

819149  819215 

819281 

819346  819412 

81947j« 

819544 

819610 

819675 

819741 

819807 

819873 

819939 

820004  820070 

820136 

661 

820201 

820267 

820333 

820399 

820464 

820530 

820595 

820661 

820727 

820792  ♦• 

662  820858 

820924 

820989 

821055 

821120 

821186 

821251 

821317 

821382 

82144H  »•• 

663  1821514 

821579 

821644 

821710 

821775 

821841 

821906 

821972 

822037 

822103  »> 

664 

822168 

822233 

822299 

822364 

822430 

822495 

822560 

822626 

822691 

822756  r^' 

665 

822822 

822887 

822952 

823018 

823083 

823148 

823213 

823279 

823344 

823409  '" 

666  823474 

823539 

823605 

823670 

823735 

823800 

823865 

823930 

823996 

824061  <!  • 

667 1^24126 

824191 

824256 

824321 

824386 

824451 

824516 

824581 

824646 

824711  " 

668  1824776 

824841 

824906 

824971 

825036 

825101 

825166 

825231 

825296 

825361  ^' 

669 
670 

825426 

825491 

825556 

825621 

825686 

825751 

825815 

825880 

825945 

826010 

826075 

826140 

826204 

826269 

826334 

826399;  826464 

826528  826593 

82665Ji 

671  826723 

826787 

826852 

826917 

826981 

827046  827111 

827175 

827240 

827305  ♦ 

672  827369 

827434 

827498 

827563 

827628  827692  1827757 

827821 

827886 

827951  65 

673  828015 

828080 

828144 

828209 

828273  828338,828402 

828467 

828531 

828595  t.t 

674  828660 

828724 

828789 

828853 

828918 

828982  ,  829046 

829111 

829175 

829230  *^ 

675  829304 

829368 

829432 

829497 

829561 

829625  !  829690 

829754  829818 

829882  t' 

676  829947 

830011 

830075 

830139 

830204 

830268  830332 

830396  83C460 

8,30525  r. 

677  830589 

830653 

830717 

830781 

830845 

830909  830973 

831037  831102 

831166  '•• 

678  831230 

831194 

831358 

831422 

831486 

831550  831614 

831678*831742 

831806  •■ 

679 

680 

831870 

831934 

831998 

832062 

832126  832189  832253 

832317  832381 

8324  t5 

832509 

832573 

832637  832700 

832764 

832828  832892 

832956  833020 .  8330S3 

681  833147 

833211 

833275 

833338 

833402 

833466  833530 

833593  833657  833721  n 

682  833784 

833848 

833912 

833975 

834039 

834103  834166 

834230  834293  834357  ''^ 

683  834421 

834484 

834548 

834611 

834675 

834739  834802 

834866  834f29 

834903  ^i 

684  835056 

835120 

835183 

835247 

835310 

835373  835437 

835500  835564 

835627  (>"' 

685  835691 

835254 

835817 

835881 

835944 

836007  836071 

836134  836197 

836261  !  f^' 

686  836324 

836387 

836451 

836514 

836577 

836641  836704 

836767  836830 

830891'  «> 

687  836957 

837020 

837083 

837146 

837210 

837273  837336 

837399  837462 

837525  <"':^ 

688  837588 

837652 

837715 

837778 

837841 

837904  837967 

838030  838093 

838^56  ^•• 

689 
690 

838219 

838282 

838345 
838975 

838408 

838471 

838534  838597 

838660  838723 

838 7SC  ♦■; 

838849 

838912 

839038 

839101 

839164  839227 

839289  839352 

839415  '"' 

691  839478 

839541 

839604 

839667 

839729 

839792  8.')9855 

839918  839981 

84C043,  •' 

692  840106 

840169 

840232 

840294 

840357 

840420  840482 

840545  ^40608 

840671  ,  «'' 

693  840733 

840796 

840859 

840921 

840984 

841046  841109 

841172  841234 

841297  C^' 

694  841359 

841422 

841485 

841547 

841610 

841672  841735 

841797  841860 

841922-  fi^ 

695  841985 

842047 

842110 

842172 

842235 

842297  842.360 

842122  842484 

842517  62 

696  842609 

842672 

842734 

842796 

842859 

842921  842983 

843046  843108 

843170  6.' 

697  843233 

843295 

843357 

843420 

843482 

843544  843606 

843669  843731 

843793  62 

698  843855 

843918 

843980 

844042 

844104 

844166  844229 

844291,844353 

844415  62 

699 

1 

844477 

844539 

844601 

844664 

844726 

844788  844850 

844912  844974 

845036 

62 

0 

1 

2 

3 

4 

5  1  6 

7  1   8 

9 
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No.  7000 • 

7600 

Log.  845098 

880814 

lVo. 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

700  1 

S45998 

845160 

845222 

845284 

845346 

845408 

845470 

845532 

845594 

845656 

62 

701  1 

845718  845780 

845842 

845904 

84596^ 

846028 

846090 

846151 

846213 

846275 

62 

702 

846»7' 846399 

846461 

846523 

846584 

846646 

846708 

846776 

846832 

846894 

62 

705  i  846955  847017 

847079. 

847141 

847202 

647264 

847326 

847388 

847449 

847511 

62 

704 

847573  847634 

847696 

847758 

847819 

847881 

847943 

848004 

848066 

848127 

62 

705 

848189  848251 

848312 

848374 

848435 

*848497 

848559 

848620 

848682 

848743 

62 

706 

848805  848866 

848928 

848989 

849051 

849112 

849174 

849235 

849296 

849358 

61 

707 

849419 

849481 

849542 

849604 

849665 

849726 

849788 

849849 

849911 

849972 

61 

708 

850033 

850095 

850156 

850817 

850279 

850340 

850401 

850462 

850524 

850585 

61 

709 

850646 

850707 

650769 

850830 

850891 

850952 

851014 

851075 

851136 

851197 

61 

710 

851S58 

855820 

851381 

851442 

851503 

861564 

851625 

851686 

851747 

851808 

61 

711 

851870 

051931 

051992 

852053 

852114 

852175 

852236 

852297 

852358 

852419 

61 

712 

852«80 

85C541 

852602 

852663 

852724 

852785 

852846 

852907 

852968 

853029 

61 

713 

853090 

853150 

853211 

853272 

853333 

853394 

853455 

853516 

853576 

853637 

61 

714 

853696 

853759 

853820 

853881 

853941 

854002 

854063 

854124 

854185 

854245 

61 

715 

854366 

854367 

854427 

854488 

854549 

854610 

854670 

854731 

854792 

854852 

61 

716 

854913 

854974 

855034 

855095 

855156 

855216 

855277 

855337 

855398 

855459 

61 

717 

855519 

855580 

855640 

855701 

855761 

855822 

855882 

855943 

856003 

856064 

61 

718 

856124 

856185 

856245 

856306 

856366 

856427 

856487 

856548 

856608 

856668 

60 

719 

856729 

856789 

856850 

856910 

856970 

857031 

857091 

857151 

857212 

857272 

60 

720 

857332 

857393 

857453 

857513 

857574 

857634 

857694 

857754 

857815 

857875 

60 

721 

857935 

857995 

858056 

858116 

858176 

858236 

858297 

858357 

858417 

858477 

60 

722 

868537 

858597 

858657 

858718 

858778 

858838 

858898 

858958 

859018 

859078 

60 

723 

859138 

659198 

859258 

859318 

859378 

899438 

859499 

859559 

859619 

859679 

60 

724 

859739 

859799 

859858 

859918 

859978 

881HI9d 

860098 

860158 

860218 

860378 

60 

725 

860338 

860398 

860458 

860518 

860578 

860637 

860897 

860757 

860817 

860877 

60 

726 

860937 

860996 

861056 

861116 

861176 

861236 

861295 

861355 

861415 

861475 

60 

727 

861534 

861594 

861654 

861714 

861773 

861833 

861893 

861952 

8G2012 

862072 

60 

728 

862131 

862191 

862251 

862310 

862370 

862430 

862489 

862549 

862608 

862668 

60 

729 
730 

862728 

862787 

862847 

862906 

862966 

863025 

863085 

863144 

863204 

863263 

60 

863323 

863382 

863442 

86359t 

863901 

863620 

863680 

863739 

863798 

863858  59 

731 

863917 

863977 

864036 

864096 

864155 

864214 

864274 

864333 

864392 

864452  59 

732 

864511 

864570 

864630 

864689 

864748 

864808 

864867 

864926 

864985 

865045  59 

733 

865104 

865163 

865222 

865282 

865341 

865400 

865459 

865518 

865578 

865637 

59 

734 

865696 

865755, 

865814 

865874 

865938 

865992 

866051 

866110 

866169 

866228 

59 

735 

866287 

866396 

866405 

866465 

866524 

866588 

866642 

866701 

866760 

866819 

59 

736 

866878 

866937' 

86o99o 

867655 

8671U 

867173 

867232 

867291 

867350 

867409 

59 

737 

867467 

867526 

867585 

867644 

867703 

867762 

867821 

867880 

867939 

867998 

59 

738 

868056 

868116; 

868174 

86^83 

868292 

868356 

868409 

868468 

868527 

868586 

59 

739 

868644 

86870S 

868762 

868821 

868879 

868938 

868997  869056 

869114 

869173 

59 

740 

869232 

869290 

869319 

869408 

869466 

869525 

869584 

869642 

869701 

869760 

59 

741 

869818 

869877 

869935 

869994 

870053 

870111 

870170 

870228 

870287 

870345 

59 

742 

870404 

870462 

870521 

870579 

870638 

870696 

870755 

870813 

870872 

870930 

58 

743 

870989 

871047 

871906 

871164 

871223 

871281 

871339 

871398 

87145(6 

871515 

58 

744 

871573 

871634 

871096 

8717t8 

871806 

871865 

871923 

871981 

872040 

872098 

58 

745 

872156 

872215 

872273 

872331 

872389 

87^448 

872506 

872564 

872622 

872681 

58 

746 

872739 

872797 

872855 

872913 

872972 

873030 

873088 

873146 

873204 

373262 

58 

747 

873321 

873379 

873437 

873495 

873553 

878611 

873669 

873727 

873785 

873844 

58 

748 

873902 

873960 

874016 

874076 

874134 

874192 

874250 

874308  1 874366 

874424 

58 

749 

874482 

874540 

874598 

874f65« 

8747  U 

874772 

874830 

874887  '  874945 

875003 

58 

750 

875061 

875119 

875177 

875235 

875293 

875351 

875409  ,  875466  875524  ;  875582 

58 

751 

875640 

875698 

875756 

875813 

875871 

87S929 

875987 

876045  876102 ;  876160 

58 

752 

876218 

876276 

876333 

876391 

876449 

876507 

876564 

876622  876680 

876737 

58 

753 

876795 

876853 

876910 

876968 

877026 

877083 '877141 

877198  877256 

877314 

58 

754 

877371 

877429 

877486 

877544 

877602 

877659  877717 

877774  877832 

877889 

58 

755 

877947 

878004 

878062 

87811'9 

878177 

878234 '  878292 

878349  878407 

878464 

57 

756 

878522 

878579 

878637 

878694 

878751 

878809 .  878866 

878924  878981 

879038 

57 

757 

879096 

879153 

879211 

879268 

879325 

879383 

879440 

879497  ,  879555  <  879612 

57 

758 

879669 

879726 

879784 

879841 

879898 

879956 

880013 

880070  880127  I  880185 

57 

1  759 

880242 

880299 

880356 

880413 

880471 

880528 '  880585 

880642  880699  880756 

57 

L 

■^ri 

1 

2 

3  1   4 

6  1  6  1  7  1  8 

9 

74 


TABLE    4. 
Logarithms  of  Numbers. 


No.  7600 1 

9200 

Log.  880814  

-913814 

No. 

760 

0        1  1 

2 

3 

4 

5 

6 

7 

8 

9  Diffj 

880814 

880871 

880928 

880985 

881042 

881099 

881156 

881213 

881270 

881328 

57 

761 

881385 

881442 

881499 

881556 

881613 

881670 

881727 

881784 

881841 

881898 

57 

762 

881955 

882012 

882069 

882126 

882183 

882240 

882297 

882354 

882411 

882468 

57 

763 

882524 

882581 

882638 

882695 

882752 

882809 

882866 

882923 

882980 

883037 

57 

764 

883093 

883150 

883207 

883264 

883321 

883377 

883434 

883491 

883548 

883605 

57 

765 

883661 

883718 

883775 

883832 

883888 

883945 

884002 

884059 

884115 

884172 

57 

766 

884229 

884285 

884342 

884399 

884455 

884512 

884569 

884625 

884682 

884739 

57 

767 

884795 

884852 

884909 

884965 

885022 

885078 

885135 

885192 

885248 

885305 

57 

768 

885361 

885418 

885474 

885531 

886587 

885644 

885700 

885757 

885813 

885870 

57 

769 

885926 

885983 

886039 

886096 

886152 

886209 

886265 

886321 

886378 

886434 

56 

770 

886491 

886547 

886604 

886660 

886716 

886773 

886829 

B86885 

886942 

886998, 

56 

771 

887054 

887111 

887167 

887223 

887280 

887336 

887392 

887449 

887505 

887561 

56 

772 

887617 

887674 

887730 

887786 

867842 

887898 

887955 

888011 

888067 

888123 

56 

773 

888179 

888236 

888292 

888348 

888404 

888460 

888516 

888573 

888629 

888685  56 

774 

888741 

888797 

888853 

888909 

888965 

889021 

889077 

889134 

889190 

889246  56 

775 

889302 

889358  1  889414 

889470 

889526 

889582 

889638 

889694 

889750 

889806 

56 

776 

889862 

889918  889974 

890030 

890086 

890141 

890197 

890253 

890309 

890365 

56 

777 

890421 

890477  890533 

890589 

890644 

890700 

890756 

890812 

898868 

890924 

56 

778 

890980 

891035  891091 

891147 

891203 

891259 

891314 

891370 

891426 

891482 

56 

779 

891537 

891593  891649 

891705 

891760 

891816 

891872 

891928 

891983 

892039 

56 

780 

892095 

892150  892206 

892262 

892317 

892373 

892429 

892484 

892540 

892595 

56 

781 

892651 

892707  892762 

892818 

892873 

892929 

892985 

893040 

893096 

893151 

56 

782 

893207 

893262  893318 

893373 

893429 

893484 

893540 

893595 

893651 

893706 

56 

783 

893762 

893817  893873 

893928 

893984 

894039 

894094 

894150 

894205 

894261 

55 

784 

894316 

894371  894427 

894482 

894538 

894593 

894648 

894704 

894759 

894814 

55 

785 

894870 

894925  894980 

895036 

895091 

895146 

895201 

895257 

895312 

895367 

55 

786 

895423 

895478  895533 

895588 

895643 

895699 

895754 

895809 

895864 

895920 

55 

787 

895975 

896030  896085 

896140 

896195 

896251 

896306 

896361 

896416 

896471 

55 

788 

896526 

896581  896636 

896692 

896747 

896802 

896857 

896912 

896967 

897022 

55 

789 

897077 

897132  897187 

897242 

897297 

897352 

897407 

897462 

897517 

897572 

55 

790 

897627 

897682  897737 

897792 

897847 

897902 

897957 

898012 

898067 

898122 

55 

791 

898176 

898231  898286 

898341 

898396 

898451 

898506 

898561 

898615 

898670 

55 

792 

898725 

898780  898835 

898890 

898944 

898999 

899054 

899109 

899164 

899218 

55 

793 

899273 

899328  899383 

899437 

899492 

899547 

899602 

899656 

899711 

899766 

55 

794 

899820 

899875  899930 

899985 

900039 

900094 

900149 

900203 

900258 

900312 

55 

795 

000367 

900422  900476 

900531 

900586 

900640 

900695 

900749 

900804 

900858 

55 

796 

900913 

900968  901022 

901077 

901131 

901186 

901240 

901295 

901349 

901404 

55 

797 

901458 

901513  901567 

901622 

901676 

901731 

901785 

901840 

901894 

901948 

54 

798 

902003 

902057  902112 

902166 

902221 

902275 

902329 

902384 

902438 

902491 

54 

799 

902547 

902601  902655 

902710 

902764 

902818 

902873 

902927 

902981 

903036 

54 

800 

903090 

903144  903198 

903253 

903307 

903361 

903416 

903470 

903524 

903578 

54 

801 

903632 

903687  903741 

903795 

903849 

903903 

903958 

904012 

904066 

904120 

54 

802 

904174 

904228  904283 

904337 

904391 

904445 

904499 

904553 

904607 

904661 

54 

803 

904715 

904770  904824 

904878 

904932 

904986 

905040 

905094 

905148 

905202 

54 

804 

905256 

905310  905364 

905418 

905472 

905526 

905580 

905634 

905688 

905742 

54 

805 

905796 

905850  905904 

905958 

906012 

906065 

906119 

906173 

906227 

906281 

54 

806 

906335 

906389  906443 

906497 

906550 

906604 

906658 

906712 

906766 

906820 

54 

807 

906873 

906927  906981 

907035 

907089 

907142 

907196 

907250 

907304 

907358 

54 

808 

907411 

907465  907519 

907573 

907626 

907680 

907734 

907787 

907841 

907895 

54 

809 

907948 

908002  908056 

908109 

908163 

908217 

908270 

908324 

908378 

9084S1 

54 

810 

908485 

908539 

908592 

908646 

908699 

908753 

908807 

908860 

908914 

908967 

54 

811 

909021 

909074 

909128 

909181 

909235 

909288 

909342 

909395 

909449 

909502 

54 

812 

909556 

909609 

909663 

909716 

909770 

909823 

909877 

909930 

609984 

910037 

53 

813 

910090 

910144 

910197 

910251 

910304 

910358 

910411 

910464 

910518 

610571 

53 

814 

910624 

910678 

910731 

910784 

910838 

910891 

910944 

910998 

911051 

91 1104 

53 

815 

911158 

911211 

911264 

911317 

911371 

911424 

911477 

911530 

911584 

911637 

55 

816 

911690 

911743 

911797 

911850 

911903 

911956 

912009 

912063 

912116 

912169 

53 

817 

912222 

912275 

912328 

912381 

912435 

912488 

912541 

912594 

912647 

912700 

53 

818 

912753 

912806 

912859 

912913 

912966 

913019 

913072 

913125 

913178 

913231 

53 

819 

913284 

913337 

913390 

913443 

913496 

913549 

913602 

913655 

913708 

913761 

53 

0    1 

2 

3 

4 

5 

6 

7 

8 

u 

TABLE  4. 


75 


Logarithms  of  Numbers. 


No.  8200 


•8800 


Log.  913814 94448S 


No.   0 


820 
821 
8^22 
823 
824 


913814 
914343 
914872 
915400 
915927 

825  i  916454 

826  916980 


827 
828 

829 


917505 
918030 
918555 


I 


830 
831 
832 
833 
834 
835 
836 
837 
838 
839 


919078 
919601 
920123 
920645 
921166 
921686 
922206 
922725 
923244 
923762 


913867 
914396 
914925 
915453 
915980 
916507 
917033 
917558 
918083 
918607 


913950 
914449 
914977 
915505 
916033 
916559 
917085 
917610 
918135 
918659 


919130 
919653 
920175 
920697 
921218 
921738 
922258 
922777 
923296 
923814 


919183 
919705 
920228 
920749 
921270 
921790 
922310 
922829 
923348 
923865 


810 
8n 
842 
843 
8U 
845 
846 
U7 
B48 
849 


924279 
924796 
925312 
925828 
926342 
926857 
927370 
927883 
928396 
928908 


850,929419 


831 
852 
853 
854 
855 
856 
657 


929930 
930440 
930949 
931458 
931966 
932474 
932981 


858  <  933487 

859  933993 


913973 
914502 
915030 
915558 
916085 
916612 
917138 
917663 
918188 
918712 


5 


919235 
919758 
920280 
920801 
921322 
921842 
922362 
922881 
923399 
923917 


924331 , 
924848 
925364 ; 
925879 
926394 1 
926908 ! 
927423 , 
927935 
928447  I 
928959 


924383 
924899 
925414 
925931 
926445 
920959 
927473 
927986 
928498 
929010 


929470 
929981 
930491 
931000 
931509 
932017 
932524 
933031 
933538 
934044 


929521 
930032 
930541 
931051 
931560 
932068 
932575 
933082 
933588 
934094 


924434 
924951 
925467 
925982 
926497 
927011 
927524 
928037 
928549 
929061 


860  934498 

861  935003 

862  935507 

863  936011 
864:936514 
865 '  937016 
«66  937518 


867 
868 

m^ 

870 
871 
872 


938019 
938520 
939020 


934549 
935054 
935558 
936061 
936564 
937066 
937568 
938069 
938570 
939070 


934599 
935104 
935608 
936111 
936614 
937116 
937618 
938119 
938620 
939120 


939519  i 
940018 
910516 
873  941014 
874,941511 
875  9^2008 
^;«.  9^250 1 
^'7 '943000 

Or 


939569 
940068 
940566 
941064 
941561 
942058 
942551 
943049 
913544 
944038 


939019 
940118 
940016 
941114 
911611 
942107 
942603 
943099 
943593 
944088 


929572 
930083 
930592 
931102 
931610 
932118 
932626 
933133 
933639 
934145 


914026 
914555 
915083 
915611 
916138 
916664 
917190 
917715 
918240 
918764 


914079 
914608 
915136 
915664 
916191 
916717 
917243 
917768 
918292 
918816 


6 


9141311 

914660 

915189 

915716 

916243 

916770 

917295 

917820 

918345 

918869 


919287 
919810 
920332 
920853 
921374 
921894 
922414 
922933 
923451 
923696 


919340 
919862 
920384 
920906 
921426 
921946 
922466 
922985 
923503 
924021 


919392 
919914 
920436 
920958 
921478 
921998 
922518 
923037 
I  923555 
924072 


924486 
925002 
925518 
926034 
926548 
927062 
927576 
928088 
928601 
929112 


924538 
925054 
925570 
926085 
926600 
927114 
927627 
928140 
928652 
929163 


924589 
925106 
925621 
926137 
926651 
927165 
927678 
928191 
928703 
929214 


914184 
914713 
915241 
915769 
916296 
916822 
917348 
917873 
918397 
918921 


934650 
935154 
935658 
936162 
936664 
937167 
937668 
938169 
938670 
939170 


939069 
910168 
940666 
941163 
941660 
942157 
942653 
943148 
943643 
944137 


929623 
930134 
930643 
931153 
931661 
932169 
932677 
933183 
933690 
934195 


929674 
930185 
930694 
931203 
931712 
932220 
932727 
933234 
933740 
934246 


929725 
930236 
930745 
931254 
931763 
932271 
932778 
933285 
933791 
934296 


934700 
935205 
935709 
936212 
936715 
937217 
937718 
938219 
938720 
939220 


934751 
935255 
935759 
936262 
936765 
937267 
937769 
938269 
938776 
939270 


934801 
935306 
935809 
936313 
936815 
937317 
987819 
938319 
938820 
939319 


3 


939719 
940218 
940716 
941213 
941710 
942206 
942702 
943198 
943692 
914186 


939769 
940267 
940765 
941263 
941760 
942256 
942752 
943247 
943742 
914236 


939819 
94031 7 
940815 
941313 
941809 
942306 
942801 
943297 
943791 
944285 


919444 
919967 
920489 
921010 
921530 
922050 
922570 
923088 
923607 
924124 


924641 
925157 
925673 
926188 
926702 
927216 
927730 
928242 
928754 
929266 


8 


0 


914237 
914766 
915294 
915822 
916349 
916875 
917400 
917925 
918450 
918973 


919496 
920019 
920541 
921062 
921582 
922102 
922622 
923140 
923658 
924176 


914290 
914819 
915347 
915874 
916401 
916927 
917453 
917978 
918502 
919026 


919549 
920071 
920593 
921114 
921634 
922154 
922674 
923192 
923710 
924228 


924693 
925209 
925724 
926239 
926754 
927268 
927781 
928293 
928805 
929317 


929776 
930287 
930796 
931305 
931814 
932321 
932829 
933335 
933841 
934347 


934852 
935356 
935860 
936363 
936865 
937367 
937869 
938370 
938870 
939369 


ii 


939868 
940367 
940865 
941362 
941859 
942355 
942851 
943310 
943841 
944335 


929827 
930S38 
930847 
931356 
931864 
932372 
932879 
933386 
933892 
934397 


934902 
935406 
935910 
936413 
936916 
937418 
937919 
938420 
938920 
939419 


939918 
940417 
940915 
941412 
941909 
942405 
942900 
943396 
943890 
944384 


924744 
925260 
925776 
926291 
926805 
927319 
927832 
928345 
928856 
929368 


52 
52 
52 
52 
52 
52 
52 
52 
52 
52 


52 
52 
52 
51 
51 
51 
51 
51 
61 
51 


929878 
930389 
930898 
931407 
931915 
932423 
932930 
933437 
933943 
934448 


51 

31 
51 
51 
51 
51 
51 
51 
51 
51 


934953 1 

935457 

935960 

936463 

936966 

937468 

937969 

938470 

938970 

939469 


8 


939968 
940467 
940961 
941462 
941958 
942454 
942950 
943445 
943939 
944433 


50 
50 
50 
50 
50 
50 
50 
50 
50 
50 


9 


7G 


I^ogarithms  of  Numbenv 


No.  8800 


-9400 


Log,  944483 


88  J ,  944483 
881 1941976 
882 ,  945469 

883  945961 

884  946452 
883  946943 
8M6  ,  947434 
887  947924 
8S8  948413 
H89  948902 


944532 
945025 
945518 
946010 
946501 
946992 
947483 
947973 
948462 
948951 


949390 
949878 
950365 
950851 
9511337 
951823^ 
952308 
952792 
953276 
953760 


954242 
954725 
955206 
955688 
956168 
956649 
957128 
957607 
958086 
958564 


959041 
959518 
959995 
960471 
960946 
961421 
961895 
962369 
962843 
963315 


963788 
964260 
964731 
965202 
965672 
966142 
966611 
967080 
967548 
968016 


968483 
968960 
969416 
969882 
970347 
970812 
971276 
971740 
972203 
972666 


944581 
945074 
945567 
946059 
946550 
947041 
947532 
948021 
948511 
948999 


I  0 


949439 

949926 

950413 

950900 

951386 

95187^ 

952356 

952841 

953325 

953808 


954291 
954773 
955255 
955736 
956216 
956697 
957176 
957655 
958134 
958612 


959089 

959566 

960042 

960518 

960994 

961469 

961943 

962417 

962890 

963363 


963835 
964307 
964778 
965249 
965719 
966189 
966658 
967127 
967595 
968062 


968530 
968996 
969462 
969928 
970393 
970858 
971322 
971786 
972249 
972712 


944631 

945124 

945616 

946108 

946600 

947090 

947581 

948070 

948560 

949048 


949488 

949975 

950461& 

950949 

95143& 

951920 

952405 

952889* 

953373 

953856 


954339 
954821 
955303 
855784 
956264 
956745 
957224 
957703 
958181 
958659 


959137 
959614 
960090 
960566 
96104i! 
961516 
961990 
962464= 
962937 
963410 


963882 
964354 
964825 
965296 
965766 
966236 
966705 
967173 
967642 
968109 


968576 
969043 
969509 
969975 
970440 
1970904 
971369 
971832 
972295 
972758 


6 


949536 
950024 
950611* 
950907 
951483* 
951969 
952i5il 
952938^ 
953421 
953905 


944680 

945173 

945665 

946157 

946619 

947139' 

947630 

948119 

948608 

949092 


954387 
954869 
955351 
955832 
956312 
956792 
957272 
957751 
958229^ 
958707 


959184 
959661 
960138 
960613 
961089 
961563 
962038 
962511 
962985 
963457 


963929 
964401 
964872 
965343 
965813 
966283 
966752 
967220 
967688 
968156 


968623 
969090 
969556 
970021 
970486 
97095 L 
971415 
971879 
972342 
972804 


949585 

9600:& 

950560 

951046 

951532 

952017 

962502 

952986 

963470 

95395^ 


954435 

954918 

955399 

955880 

956361 

956840 

957320 

957799< 

958277 

958755 


959232 
959709 
960185 
960661 
961136 
961611 
962085 
966559 
963032 
963504 


963977 
964448 
964919 
965390 
965860 
966329 
966798 
967267 
967735 
968203 


968670 
969136 
969602 
»70068 
970533 
970997 
971461 
971925 
972388 
972851 


944729 

945222 

945715 

946207 

946698 

947IS9 

94Z679 

94816fr 

948657 

949146 


944779 

945272 

945764 

946256 

946747 

947238 

947728- 

948217 

948706 

949195 


Diff 


949634 

950121 

960608 

95109> 

951580 

952066 

952550 

953034 

953518- 

954001 


949683 
950170 
9&0657 
951143 
951629 
952114 
952590 
963088 
953566 
964049 


954484 
954966 
955447 
955928 
956409 
956888 
957368 
957847r 
958325 
958803 


954532 
955014 
955495 
955976 
956457 
956936 
957416 
95?89« 
958373 
958850 


944828 

945321 

945813 : 

946305 

946796; 

947287  i 

947777. 

948266 ; 

948755 

949244 


949731 

95021ia 

950705 

951192 

951677 

952165 

952647 

953134 

953615* 

954096 


944877 

945370 

945862 

946354 

946845 

947336 

947826 

948315 

948804 

949292 

94»Z80 

950261 

950754 

951240 

951726 

952211 

952696 

953186 

953663 

954146 


944927 
945119 
9459U 
946403  49 
946894  19 


I'J 
19 
19 


947385 

947875 
948364 
948853 
949341 


19 

49 
19 
19 
19 


949829  19 
950316  19 
950805 1  19 
951289    19 


951771 
952259 
952744 
953228 
953711 
954194 


19 

18 
18 
18 

IS 

IS 


959280 
959757 
960235 
960709 
961184 
961658 
962132 
962606 
963079 
963552 


964024 
964496 
964966 
966437 
965907 
966376 
966845 
967314 
967782 
968249 


3 


968716 
969183 
969649 
970114 
970579 
971044 
971508 
971971 
972434 
972897 


959328 
959804 
9602B1 
960756 
961231 
961706 
962180 
962653 
963126 
963599 


964071 
964542 
965013^ 
965484 
965954 
966423 
966892 
967361 
967829 
968296 


968763 
969229 
969695 
970161 
970626 
971090 
971554 
972018 
972480 
972943 


a 


954580 
955062 
955543 
956024 
956505 
956984 
95;46^ 
95794^ 
958420 
958898 


959375 

959852 

960328* 

960804* 

961279 

961753 

962227 

962701 

963174 

963646 


964118 

964598 

965066 

96553V 

966001 

966470 

966939 

967408 

967875 

968343 


968810 
969276 
969742 
970207 
9706V2 
971137 
971600 
972064 
972527 
972989 


954628 
9551 10 
955592 
956072 
956553 
957032 
957511 
957990 
958468 
958946 


959423 

959900. 

960376 , 

966851 

961326 

961801 

962275 

962748 

963221 

963693 


964165 
964637 
965168 
965578 
966048 
966517 
966986 
967454 
967922 
968389 


968856 
969323 
969788 
970254 
970719 
971183 
971647 
972110 
972573 
973035 


8 


954677 ;  1^ 

955158  i  Ai 

955640  IH 

956120 

956601 

957080 

957559 

958038 

958516 

958994 

959471 
959917 
960423 
960899 
961374 
961848 
962322 
962795 
963268 
963741 


064212 
964684 
965155 
965625 
966095 
966564 
967033 
967501 
967969 
968436 


968903 
969369 
969835 
970300 
970765 
971229 
971693 
972156 
972619 
973082 


18 
IS 
18 
18 
18 
18 

il 

48 
48 
48 
48 
48 
47 
47 
47 
47 
47 


47/ 
47 
47 

47 
47 
47 
47 
47 
47 
_17^ 

17 
17 
17 
47 
17 
46 
16 
16 
46 
16 


TABLE    4. 
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Logarithms  of  Namben. 


No 


T 


Ko.  9400 10000 


940 
941 
942 
943 
944 
945 
946 
947 
948 
949 


960 
951 
952 
953 
954 
955 
956 
957 
958 
959 


973128 
973590 
974051 
974512 
974972 
975432 
975891 
976350 
976808 
977266 


977724 
978180 
978637 
979093 
979548 
980003 
98045B 
980912 
981365 
981819 


973174 
973636 
974097 
974558 
975018 
975478 
975937 
976396 
976854 
977312 


973220 
973682 
974143 
974604 
975064 
975524 
975983 
976442 
976900 
977358 


973266 
973728 
974189 
974650 
975110 
975570 
976029 
976487 
976946 
977403 


977769 
978226 
978683 
979138 
979594 
980049 
980503 
980957 
981411 
981864 


, 977815 
j  978272 
; 978728 
979184 
979639 
980094 
980549 
981003 
981456 
981909 


977861 
978317 
978774 
979230 
979685 
980140 
980594 
981048 
981501 
981954 


973313 
973774 
974235 
974696 
975156 
975616 
976075 
976533 
976991 
977449 


977906 
978363 
978819 
979275 
979730 
980185 
980640 
981093 
981547 
982000 


973359 
973820 
974281 
974742 
975202 
975661 
976121 
976579 
977037 
977495 


977952 
978409 
978865 
979321 
979776 
980231 
980685 
981139 
981592 
982045 


Log.  973128- 

6 


-000000 


973405 
973866 
974327 
974788 
975248 
975707 
976166 
976625 
977083 
977541 


977998 
978454 
978911 
979366 
979821 
980276 
980730 
981184 
981637 
982090 


973451 
973913 
974373 
974834 
975294 
975753 
976212 
976671 
977129 
977586 


978043 
978500 
978956 
979412 
979867 
980322 
980776 
981229 
981683 
982135 


8 


9 


973497 
973959 
974420 
974880 
975340 
975799 
976258 
976717 
977175 
977632 


973543 
974005 
974466 
974926 
975386 
975845 
976304 
976762 
977220 
977678 


978089 
978546 
979002 
979457 
979912 
980367 
980821 
981275 
981728 
982181 


978135 
978591 
979047 
979503 
979958 
980412 
980867 
981320 
981773 
982226 


Diff 


46 
46 
46 
46 
46 
46 
46 
46 
46 
46 


46 
46 
46 
46 
46 
45 
45 
45 
45 
45 


960 
961 
962 
963 
964 
965 
966 
967 
968 
969 


982271 
982723 
983175 
983626 
984077 
984527 
984977 
985426 
985875 
986324 


982316 
982769 
9%3220 
983671 
984122 
984572 
985022 
985471 
985920 
986369 


982362 
982814 
983265 
983716 
984167 
984617 
985067 
985516 
985965 
986413 


982407 
982859 
983310 
983762 
984212 
984662 
985112 
985561 
986010 
986458 


982452 
982904 
983356 
983807 
984257 
984707 
985157 
985606 
986055 
986503 


982497 
982949 
983401 
983852 
984302 
984752 
985202 
985651 
986100 
986548 


982543 
982994 
983446 
983897 
984347 
984797 
985247 
985696 
986144 
986593 


982588 
983040 
983491 
983942 
984392 
984842 
985292 
985741 
986189 
986637 


970  986772 

971  987219 

972  987666 

973  988113 

974  988559 

975  989005 

976  989450 

977  989895 
978 ,  990339 
979 1 990783 

'980  "991226 
981 1 991669 
982.992111 

983 ,  992553 

984 .  992995 
985 1 993436 
986 ,  993877 
W.  994317 
988  994757 
^9  995196 


986816 
987264 
987711 
988157 
988603 
989049 
989494 
989939 
990383 
990827 


986861 
987309 
987756 
988202 
988648 
989094 
989539 
989983 
990428 
990871 


986906 
987353 
987800 
988247 
988693 
989138 
989583 
990028 
990472 
990916 


986951 
987398 
987845 
988291 
980737 
989183 
989628 
990076 
990516 
990960 


986995 
987443 
987890 
988336 
988782 
989227 
989672 
990117 
990561 
991004 


991270 
991713 
992156 
992598 
993039 
993480 
993921 
994361 
994801 
995240 


991315 
991757 
992200 
992642 ; 
; 993083 
993524 
993965 
994405 
994845 
895284 


991359 
991802 
992244 
992686 
993127 
993568 
994009 
994449 
994889 
995328 


991403 
991846 
992288 
992730 
993172 
993613 
994053 
994493 
994933 
995372 


991448 
991890 
992333 
992774 
993216 
993657 
994097 
994537 
994977 
995416 


987040 
987487 
987934 
988381 
988826 
989272 
989717 
990161 
990605 
991049 

991492 
991934 
992377 
992818 
993260 
993701 
994141 
994581 
995021 
995460 


987085 
987532 
987979 
988425 
988871 
989316 
989761 
990206 
990650 
991093 


982633 
983085 
983536 
983987 
984437 
984887 
985337 
985786 
986234 
986682 


982678 
983130 
983581 
984032 
984482 
984932 
985382 
985830 
986279 
986727 


987130 
987577 
988024 
988470 
988915 
989361 
989806 
990250 
990694 
991137 


991536 
991979 
992421 
992863 
993304 
993745 
994185 
994625 
995064 
995504 


991580 
992023 
992465 
992907 
993348 
993789 
994229 
994669 
995108 
995547 


990  995635 
^1  996074 

992  996512 

993  996949 
994 .  997386 

995  997823 

996  998259 

997  998695 
S«  999130 

i?9  999565 


995679 
996117 
996555 
996993 
997430 
997867 
998303 
998739 
999174 
999609 


995723 
996161 
996599 
997037 
997474 
997910 
998346 
998782 
999218 
999652 


995767 
996205 
996643 
997080 
997517 
997954 
998390 
998826 
999261 
999696 


995811 
996249 
996687 
997124 
997561 
997998 
998434 
998869 
999305 
999739 


995854 
996293 
996730 
997168 
997605 
998041 
998477 
998913 
999348 
999783 


995898 
996336 
996774 
997212 
997648 
998085 
998521 
998956 
999392 
99982G 


995942 

996380 

996818 

997255 

997692 , 

998128  I 

998564 . 

999000 

999435 

999870 


995986 
996424 
996862 
997299 
997736 
998172 
998608 
999043 
999478 
999913 


987174 
987622 
988068 
988514 
988960 
989405 
989850 
990294 
990738 
991182 


991625 
992067 
992509 
992951 
993392 
993833 
994273 
994713 
995152 
995591 


996030 
996468 
996905 
997343 
997779 
998216 
998652 
999087 
999522 
909957 


45 
45 
45 
45 
45 
45 
45 
45 
45 
45 


45 

45 
45 
45 
45 
45 
44 
44 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 
44 
44 


44 

44 
44 
44 
44 

44 
44 

44 
44 

43 


I  I  2 


5  I 


78 


TABLE  5. 

LOGASITBMIC   StNES. 


Sine  0  Degree. 


/ 

0" 

lO'' 

20-^ 

30^ 

40" 

SO'' 

Diff. 

0 

5  -685575 

5-986605 

6-162696 

6 -287635 

6  -384545 

59 

1 

6-463726 

6  -530673 

6 -588665 

6-639817 

6  -685575 

6-726967 

58 

2 

6-764756 

6-799518 

6-831703 

6-861666 

6  -889695 

6-916024 

57 

3 

6-940847 

6-964328 

6 -986605 

7  -007794 

7  -027997 

7-047303 

56 

4 

7 -065786 

7  -083515 

7 -100548 

7-116938 

7 -132733 

7-147973 

55 

5 

7-162696 

7  176936 

7-190725 

7 -204089 

7-217054 

7  -229643 

54 

6 

7-241877 

7 -253776 

7 -265358 

7 -276639 

7  -287635 

7  -298358 

53 

7 

7 -308824 

7-319043 

7 -329027 

7  -338787 

7  -348332 

7  -357672 

52 

8 

7-3.66816 

7 -375770 

7  -384544 

7  -393145 

7-401578 

7  -409850 

51 

9 

7-417968 

7 -425937 

7 -433762 

7-441449 

7  -449002 

7  -456426 

50 

10 

7  -463725 

7 -470904 

7-477966 

7  -484915 

7  -491754 

7  -498487 

49 

6894 

11 

7-505118 

7-511649 

7 -518083 

7 -524423 

7  -530672 

7  -536832 

48 

6294 

12 

7-542906 

7 -548897 

7 -554806 

7  -560635 

7  -566387 

7  -572065 

47 

5791 

13 

7 -577668 

7 -583201 

7 -588664 

7  '594059 

7  -599388 

7  -604652 

46 

5362 

14 

7  -609853 

7  -614993 

7  -620072 

7  -625093 

7-630056 

7  -634963 

45 

4992 

15 

7*639816 

7  -644615 

7 -649361 

7  -654056 

7  -658701 

7  -663297 

44 

4670 

16 

7 -667844 

7  -672345 

7  -676799 

7  -681208 

7  -685573 

7  -689894 

43 

4387 

17 

7-694173 

7-698410 

7-702606 

7-706762 

7-710879 

7-714957 

42 

4136 

18 

7-718997 

7  -722999 

7-726965 

7  -730896 

7-734791 

7-738651 

41 

3913 

19 

7-742477 

7  -746270 

7-750031 

7-753758 

7-757454 

7-761119 

40 

3712 

20 

7-764754 

7-768358 

7 -771932 

7-775477 

7  -778994 

7-7824H2 

39 

3531 

21 

7-785943 

7  -789376 

7  -792782 

7-796162 

7-799515 

7  -802843 

38 

3366 

22 

7-806146 

7  -809423 

7-812677 

7  -815905 

7-819111 

7 -822292  " 

37 

3217 

23 

7-825451 

7  -828586 

7-831700 

7-834791 

7  -837860 

7-840907 

36 

3030 

24 

7  -843934 

7  -846939 

7  -849924 

7  -852888 

7  -855833 

7  -858757 

35 

2954 

25 

7  -861662 

7  -864548 

7-867414 

7 -870262 

7  -873092 

7  -875902 

34 

2838 

26 

7  -878695 

7-881470 

7  -884228 

7  -886968 

7  -889690 

7  -892396 

33 

2731 

27 

7  -895085 

7-897758 

7-900414 

7  -903054 

7  -905678 

7  -908287 

32 

2632 

28 

7-910879 

7-913457 

7-916019 

7 -918566 

7  -921098 

7-923616 

31 

2540 

29 

7-926119 

7 -928608 

7-931082 

7  -933543 

7  -935989 

7 -938422 

30 

2453 

30 

7  -940842 

7  -943248 

7-945641 

7 -948020 

7 -950387 

7 -952741 

29 

2373 

31 

7  -955082 

7-957410 

7 -959727 

7  -962031 

7  -964322 

7 -966602 

28 

2297 

32 

7 -968870 

7-971126 

7-973370 

7 -975603 

7 -977824 

7 -980034 

27 

2227 

33 

7 -982233 

7  -984421 

7 -986598 

7-988764 

7  -990919 

7 -993064 

26 

2161 

34 

7-995198 

7  -997322 

7 -999435 

8-001538 

8 -003631 

8 -005714 

25 

2098 

35 

8-007787 

8  009850 

8*011903 

8  -013947 

8-015981 

8 -018005 

24 

2039 

36 

8  020021 

8  -022027 

8  024023 

8  026011 

8  -027989 

8  -029959 

23 

1983 

37 

8-031919 

8  -033871 

8  -035814 

8  037749 

8  -039675 

8-041592 

22 

1930 

38 

8  -043501 

8  -045401 

8  047294 

8-049178 

8  -051054 

8 -052922 

21 

1880 

39 

8-054781 

8  056633 

8-058477 

8-060314 

8  -062142 

8 -063963 

20 

1832 

40 

8  065776 

8-067582 

8  069380 

8071171 

8  -072955 

8-074731 

19 

1787 

41 

8  076500 

8  -078261 

8-080016 

8-081764 

8  -083504 

8 -085238 

18 

1744 

42 

8  086965 

8  -088684 

8  -090398 

8-092104 

8  -093804 

8 -095497 

17 

1703 

43 

8  097183 

8  -098863 

8  -100537 

8  102204 

8  103864 

8-105519 

16 

1664 

44 

8  107167 

8-108809 

8-110444 

8-112074 

8-113697 

8-115315 

15 

1626 

45 

8  110926 

8-118532 

8-120131 

8-121725 

8-123313 

8-124895 

14 

1590 

46 

8-126471 

8-128042 

8-129606 

8  131166 

8  132720 

8-134568 

13 

1556 

47 

8-135810 

8-137348 

8  -138879 

8  -140406 

8-141927 

8-143443 

12 

1524 

48 

8  144953 

8-146458 

8  147959 

8-149453 

8-150943 

8-152428 

11 

1493 

49 

8-153907 

8  155382 

8-156852 

8-158316 

8-159776 

8-161231 

10 

1462 

50 

8  162681 

8-164126 

8-165566 

8-167002 

8  168433 

8-169859 

9 

1432 

51  !  8  171280 

8-172697 

8-174109 

8  175517 

8-176920 

8-178319 

8 

1405 

52  8  179713 

8  181102 

8-182488 

8-183868 

8-185245 

8-186617 

7 

1379 

53  8  187985 

8-189348 

8-190707 

8-192062 

8-193413 

8-194760 

6 

1353 

54 

8-196102 

8-197440 

8-198774 

8-200104 

8-201430 

8  -202752 

5 

1328 

55 

8 -204070 

8 -205384 

8 -206694 

8  -208000 

8  -209302 

8-210601 

4 

1304 

56 

8-211895 

8-213185 

8-214472 

8-215755 

8-217034 

8-218309 

3 

1281 

57  1  8-219581 

8 -220849 

8-222113 

8  -223374 

8-224631 

8  -225884 

2 

1258 

58   8  -227133 

8 -228380 

8 -229622 

8  -230861 

8  -232096 

8  -233328 

1 

1237 

59 

8-234557 

8 -235782 

8 -237003 

8-238221 

8  -239436 

8  -240647 

0 

1216 

60" 

50' 

40" 

30" 

20" 

10" 

1 

Co-sine  89  Degi-ecs. 


TABLE    5. 
LooAsiTHuic  Tanobnts. 
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Tangent  0  Degree. 

/ 

(T 

10" 

20" 

30" 

40" 

50" 

Diff. 

0 

1 

2 
3 

4 
5 
6 
7 
8 
9 

6  -463726 
6-764756 
6-940847 
7 -065786 
7-162696 

7  -241878 
7  '308825 
7-366817 
7*417970 

5  -685575 
.6 -530673 

6-799518 

6  -964329 
7 -083515 
7-176937 
7-253777 
7 -319044 
7 -375772 

7  -425939 

5 -986605 
6 -588665 
6-831703 
6  -986605 
7-100548 
7 -190725 
7 -265359 
7 -329028 
7 -384546 
7 -433764 

6-162696 
6-639817 
6  861666 
7 -007794 
7-116939 
7 -204089 
7 -276640 
7 -338788 
7 -393146 
7-441451 

6  -287635 
6  -685575 

6  -889695 
7 -027998 
7-132733 
7-217054 
7 -287635 

7  -348333 
7  -401579 
7-449004 

6 '384545 
6-726968 
6 '916024 
7-047303 
7  147973 
7  229643 
7  -298359 
7  -367673 
7  '409852 
7-456428 

59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

10 

11 
12 

13 
14 
15 
10 
17 
18 
19 

7 -463727 
7 '505120 
7 -542909 
7-577671 
7 -609857 
7 -639820 
7 -667849 
7-694179 
7-719003 
7 -742484 

7  -470906 
7-511651 
7 -548900 
7 '583204 
7  -514996 
7 -644619 
7 -672350 
7-698416 
7-723005 
7-746277 

7 -477968 
7-518085 
7  -554808 
7  -588667 
7 -620076 
7 -649366 
7  -676804 
7  -702612 
7  -726972 
7  -750037 

7-484917 
7 -524426 
7 -560638 
7  -594062 
7 -625097 
7 -654061 
7-681213 
7  -706768 
7-730902 
7-753765 

7  '491756 
7 -530675 
7 -566390 
7 -599391 
7 -630060 
7 -658706 
7  -685578 
7  -710885 
7  -734797 
7  -757462 

7  -498490 
7  -536835 
7  -572068 
7  -604655 
7  '634968 
7 -663301 
7  -689900 
7  -713962 
7  -738658 
7-761127 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

6894 
6294 
5791 
5362 
4992 
4670 
4387 
4136 
3913 
3712 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

7-764761 
7 -785951 
7 -806155 
7 -825460 
7 -843944 
7  -861674 
7  -878708 
7 -895099 
7 -910894 
7 -926134 

7-768365 
7-789384 
7  -809432 
7  -828596 
7  -846950 
7  -846560 
7  -881483 
7  -897771 
7  -913471 
7  -928623 

7-771940 
7  -792790 
7  -812686 
7-831710 
7  -849935 
7  -867426 
7  -884240 
7  -900428 
7-916034 
7  -931098 

7  -775485 
7  -796170 
7  '815915 
7 -834801 
7 -852900 
7  -870174 
7 -886981 
7-903068 
7-918581 
7 -933559 

7-779002 
7  '799524 
7  -819120 
7  -837870 
7-855844 
7  -873104 
7  -889704 
7 -905692 
7-921113 
7  -936006 

7  -782490 
7 -802852 
7  -822302 
7  '840918 
7  -858769 
7  -875915 
7  '892410 
7 -908301 
7  '923631 
7  '938439 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

3531 
3367 
3217 
3080 
2954 
2839 
2732 
2632 
2540 
2454 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

7 -940858 
7 -955100 
7 -968889 
7 -982253 
7 -995219 
8-007809 
8*020044 
8*0319<I5 
8 '043527 
8 -054809 

7  -943265 
7  -957428 
7-971145 
7  -984441 

7  -997343 

8  -009872 
8  -022051 
8  -033897 
8  -045428 
8  056661 

7  -945657 
7  -959745 
7  -973389 
7-986618 

7  -999456 

8  011926 
8  -024047 
8  035840 
8  047321 
8-058506 

7  -948037 
7 -962049 
7 -975622 
7 -988785 

8  001560 
8  -013970 
8  -026035 
8  037775 
8 -049205 
8  060342 

7  -950404 
7  -964341 
7  '977844 

7  -990940 

8  003653 
8  -016004 
8. 028014 
8  -039701 
8  -051081 
8-062171 

7  952758 
7  -966621 
7  '980054 

7  -993085 

8  -005736 
8  018029 
8 -029984 
8  041618 
8  -052949 
8  063992 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

"23?r 

2298 
2227 
2161 
2098 
2039 
1983 
1930 
1880 
1833 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

8.065806 
8  *076531 
8  086997 
8*097217 
8-107202 
8  -116963 
8*126510 
8-135851 
8*144996 
8-153952 

8  067612 
8  078293 
8-088717 
8 -098897 
8-108845 
8-118569 
8-128081 
8-137389 
8 -146501 
8-155426 

8-069410 
8  -080047 
8  -090430 
8-100571 
8-110481 
8-120169 
8  129646 
8-138921 
8  148001 
8  156896 

8  071201 
8-081795 
8  092137 
8-102239 
8-112110 
8  121763 
8  131206 
8-140447 
8-149497 
8-158361 

8 -072985 
8  -083536 
8  -093837 
8-103899 
8-113734 
8-123351 
8-132760 
8  141969 
8-150987 
8*159821 

8-074761 
8  085270 
8  095530 
8-105554 
8-115352 
8-124933 
8-134308 
8  143483 
8-152472 
8  161276 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

1787 
1744 
1703 
1664 
1627 
1591 
1557 
1524 
1493 
1462 

50 

51 

52 

53 

54 

55 

56 

57  . 

58! 

59 

8-162727 
8-171328 
8*179763 
8*188036 
8-196156 
8*204126 
8-211953 
8 -219641 
8-227195 
8*234621 

8-164972 
8-172745 
8-181152 
8-189400 
8-197494 
8 -205440 
8  -213243 
8  -220909 
8 -228442 
8  -235846 

8-165613 
8-174158 
8-182538 
8-190760 
8-198829 
8  -206750 
8  -214530 
8  '222174 
8  -229685 
8  -237068 

8-167049 
8-175566 
8-183919 
8-192115 
8 -200159 
8 -208057 
8-215814 
8-223434 
8 -230924 
8 -238286 

8-168480 
8  176969 
8-185296 
8-193466 
8  -201485 
8 -209359 
8-217093 
8  -224692 
8-232160 
8  -239501 

8-169906 
8-178368 
8-186668 
8-194813 
8  -202808 
8  -210658 
8  -218369 
8  -225945 
8  -233392 
8-240713 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

1424 
1406 
1379 
1353 
1328 
1304 
1284 
1259 
1238 
1217 

1   .  6(r 

50"   1   40"   1   30" 

20" 

L_  10" 

—r- 

72 


TABLE    4. 
Logarithms  of  Numbers. 


No.  6400 


7000 


Log.  806180 


845098 


No.   0 


()40 
6tl 

Gl.H 

on 

617 

64rt 
649 


806 180 
806B58 
807535 
808211 
808886 
809560 
810233 
810904 
811575 
812245 


6.'J2 
653 
65  4 

6r,r, 

6')7 

6:18 

650 


65{)' 812913 
651  813581 
814248 
814913 
815578 
816241 
816904 
817565 
818226 
818885 


600  819544 
661 1820201 

662  I  820858 

663  821514 

664  822168 

665  822822 
666 '823474 

667  824126 

668  I  824776 

669  825426 


670 
671 
672 
673 
674 
675 
676 
677 
678 
679 

680 
681 
682 
683 
684 
685 


826075 
826723 
827369 
828015 
828660 
829304 
829947 
830589 
831230 
831870 


832509 
833147 
833784 
834421 
835056 
„„^  835691 

686  8363'24 

687  836957 

688  837588 

689  838219 

690 
691 
692 
693 
694 
695 
696 
697 
698 


838849 
839478 
840106 
840733 
841359 
841985 
842609 
843233 
643855 
699  j844477 

I  0 


1 


806248 
806926 
807603 
808279 
808953 
809627 
810300 
810971 
811642 
812312 


806316 
I  806994 
' 807670 
808346 
809021 
809694 
810367 
811038 
811709 
812378 


812980 
813648 
814314 
814980 
Q15644 
816308 
816970 
817631 
818292 
818951 


813047 
813714 
814381 
815046 
815711 
816374 
817036 
817698 
818358 
819017 


819610 
820267 
820924 
821579 
822233 
822887 
823539 
824191 
824841 
825491 


826140 
826787 
827434 
828080 
828724 
829368 
830011 
830653 
831 194 
831934 


832573 
833211 
833848 
834484 
835120 
835254 
836387 
837020 
837652 
838282 


838912 
839541 
840169 
840796 
841422 
842047 
842672 
643295 
643918 
844539 


819675 
820333 
820989 
821644 
822299 
822952 
823605 
824256 
824906 
825556 


806384 
807061 
807738 
808414 
809086 
809762 
810434 
811106 
611776 
612445 


813114 
813761 
814447 
815113 
815777 
816440 
817102 
817764 
818424 
819083 


819741 
820399 
821055 
821710 
822364 
823018 
823670 
824321 
824971 
825621 


826204 
826852 
827498 
828144 
828789 
829432 
830075 
830717 
831358 
831998 


826269 
826917 
827563 
828209 
828853 
829497 
830139 
830781 
831422 
832062 


832637 
833275 
833912 
834548 
835183 
835817 
836451 
837083 
837715 
838345 


838975 
839604 
840232 
840859 
641485 
842110 
842734 
843357 
843980 
844601 


832700 
833338 
833975 
834611 
835247 
835881 
836514 
837146 
837778 
838408 


839038 
839667 
840294 
840921 
841547 
842172 
642796 
843420 
844042 
844664 


3 


806451 
607129 
807806 
808461 
809156 
809829 
810501 
611173 
611643 
612512 


613161 
813648 
614514 
815179 
815843 
816506 
817169 
617830 
618490 
819149 


819607 
820464 
821120 
821775 
822430 
823083 
823735 
824386 
825036 
825686 


626334 
826981 
827626 
828273 
628916 
829561 
830204 
630845 
831486 
632126 


832764 
833402 
834039 
834675 
835310 
635944 
636577 
837210 
837841 
838471 


6. 


806519 
607197 
807673 
808549 
809223 
809696 
810569 
811240 
611910 
612579 


6 


606587 
607264 
607941 
808616 
809290 
809964 
810636 
611307 
611977 
612646 


813247 
813914 
814581 
815246 
815910 
816573 
817235 
817896 
818556 
819215 


819873 
820530 
821166 
821841 
822495 
823148 
823800 
824451 
625101 
625751 


613314 
813981 
614647 
615312 
815976 
816639 
817301 
817962 
818622 
619281 


819939 
820595 
821251 
621906 
822560 
823213 
823865 
824516 
825166 
625815 


626399 
827046 
827692 
828336 
628982 
829625 
830268 
830909 
831550 
832189 


826464 
827111 
827757 
628402 
829046 
829690 
830332 
830973 
831614 
832253 


839101 
839729 
840357 
840964 
841610 
842235 
842859 
843482 
844104 
844726 


832828 
833466 
834103 
834739 
835373 
836007 
836641 
837273 
837904 
638534 


832692 
633530 
834166 
634802 
635437 
836071 
836704 
637336 
837967 
838597 


839164 
839792 
840420 
841046 
841672 
842297 
842921 
643544 
644166 
844766 


839227 
839855 
840482 
841109 
841735 
642360 
642983 
843606 
844229 
844850 


6 


8 


806655 
807332 
806008 
808684 
809358 
610031 
610703 
811374 
812044 
612713 


806723 
607400 
808076 
808751 
809425 
810098 
810770 
611441 
812111 
812780 


813381 
814048 
614714 
815378 
816042 
816705 
817367 
818028 
818688 
819346 


; 813448 

J614114 
614780 

1815445 
616109 
816771 

,817433 
818094 
818754 
819412 


820004 
820661 
821317 
821972 
822626 
823279 
823930 
824581 
825231 
825880 


820070 
820727 
821382 
822037 
822691 
823344 
823996 
624646 
825296 
825945 


626526 
827175 
827821 
628467 
829111 
829754 
830396 
831037 
831678 
832317 


826593 
827240 
827886 
828531 
829175 
829818 
i83C460 
! 831102 
831742 
832381 


9    |Diff 


806790 1  68 

807467 1  68 
808143  I  6« 
808818  I  68 
809492 .  67 
810165  67 
810837  67 
811508  67 
812178  67 
812847    67 

67 

67 
67 
66 
66 
66 
66 
66 
66 
66 


813514 
814181 
814847 
815511 
816175 
816838 
817499 
818160 
818819 
819478 


820136 
820792 
821448 
822103 
822756 
823409 
824061 
824711 
825361 
826010 


60 
6fi 
66 
6i 
65 
65 
65 
65 
65 
65 


826658 
827305 
827951 
828595 
829239 
829882 
830525 
831166 
831806 
832445 


832956 
833593 
834230 
834866 
835500 
836134 
836767 
837399 
838030 
838660 

839289 
839918 
840545 
841172 
841797 
842122 
843046 
843669 
844291 
844912 


833020 
833657 
834293 
834f29 
835564 
836197 
836830 
837462 
838093 
838723 


839352 
839981 
d40608 
841234 
841860 
842484 
843108 
843731 
844353 
844974 


7  I  8 


833083 
833721 
834357 
834993 
835627 
836261 
836894 
837525 
838456 
838786 

839415 
84C043 
840671 
841297 
841922 
842547 
843170 
843793 
844415 
845036 


9 


65 
f5 
65 
61 
64 
61 

6: 

64 
6J 
64 

I'i 
64 
64 
64 
63 
63 
63 
63 
63 
63_ 

'63 
63 
63 
6^ 
63 
62 
62 
62 
62 
62 


TABLE    5. 


81 


LooARiTHMic  Tangents. 


8-241921 

•  8  -249101 
2     8*256165 

*  8-263115 
8 -269956 
8  276691 
8-283323 
8-289856 
8*296292 
8  -302633 

8.308884 
8  -315046 
8-321122 
8-327114 
8  -333025 
8  -338856 
8  -344610 
8  -350289 
,g  2*355895 
52^4:361430 


1,^/7566894 

*J  /  8 -372291 

S  /  ^  '^^7622 

*3  /  s  -382889 

'^     8  '388092 

«  -393234 

8  -398315 

8  *403338 

®  "408304 

8^413213 


f '418068 
®  -422869 
®  '427618 
5  ''«32315 
S  •436962 
S"*41560 

U     2-«0613 

X     2'«*070 

i^'il6?481 


IQT 


Tangent  1  Degree. 


2(y 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


ft  .|O9200 
a. ^  J  3098 

d  ,$2^0790 
^  .^2^4586 
^  .^^49 
o  5^2080 
i^*535779 
^5^539447 


243126 
250287 
257331 
264263 
271086 
277804 
284419 
290935 
297355 
303682 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


309917 
316065 
322127 
328105 
334002 
339821 
345562 
351229 
356823 
362345 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


367799 
373184 
378504 
383700 
388953 
394085 
399156 
404170 
409126 
414026 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


418872 
423664 
428404 
433093 
437732 
442322 
446864 
451359 
455808 
460212 


8 
8 
8 

8 
8 
8 
8 
8 
8 


464572 
468889 
473163 
477396 
481588 
485740 
489852 
493927 
497963 
501962 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


505925 
509852 
513744 
517602 
521425 
525215 
528973 
532698 
536392 
540055 


50^ 


244328 
251469 
258494 
265408 
272213 
278913 
285512 
292012 
298416 
304727 


310948 
317081 
323129 
329093 
334977 
340783 
346512 
352166 
357748 
363259 


30" 


8 
6 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


368701 
374076 
379385 
384630 
389812 
394934 
399996 
405000 
409946 
414837 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


419674 
424458 
429189 
433870 
438500 
443082 
447616 
452104 
456545 
460942 


8 
8 
■8 
8 
8 
8 
8 
8 
8 
8 


465295 
469604 
473871 
478597 
482283 
486428 
490534 
494602 
498632 
502625 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


506582 
510503 
514389 
518241 
522059 
525844 
529596 
533316 
537005 
8  540662 


4(r 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


245526 
252648 
259654 
266549 
273337 
280020 
286602 
293086 
299474 
305770 


311976 
318095 
324128 
330080 
335950 
341743 
347459 
353101 
358671 
364171 


40 


// 


50 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


369601 
374965 
380263 
385498 
390670 
395782 
400834 
405828 
410765 
415647 


420475 
425250 
429973 
434645 
439267 
443841 
448367 
452847 
457281 
461670 


466016 
470318 
474579 
478798 
482976 
487115 
491215 
495276 
499300 
503287 


507238 
511153 
515034 
518880 
522692 
526472 
530218 
533933 
537616 
541269 


80" 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


246721 
253823 
260811 
267688 
274458 
281124 
287689 
294157 
300530 
306811 


313002 
319106 
325126 
331064 
336921 
342701 
348405 
354035 
359593 
365080 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


370500 
375853 
381140 
386364 
391528 
396628 
401670 
406655 
411583 
416456 


421274 
426040 
430755 
435419 
440033 
444599 
449117 
453589 
458016 
462398 


466736 
471031 
475285 
479497 
483669 
487801 
491894 
495949 
499967 
503948 


507893 
511802 
515677 
519517 
523324 
527098 
530840 
534549 
538227 
541875 


20" 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


247913 
254996 
261965 
268824 
275576 
282225 
288774 
295226 
301583 
307849 


59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


314025 
320115 
326121 
332045 
337890 
343657 
349348 
354966 
360512 
365988 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


422072 
426830 
431536 
436191 
440797 
445355 
449866 
454330 
458749 
463] 24 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


467455 
471743 
475990 
480195 
484360 
488486 
492573 
496622 
500633 
504608 


19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


508547 
512451 
516319 
520154 
523956 
527724 
531460 
535164 
538837 
542480 

10*'   I 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


371397 

39 

899 

376738 

38 

888 

382015 

37 

878 

387229 

36 

867 

392381 

35 

857 

397472 

34 

847 

402505 

33 

837 

407480 

32 

828 

412399 

31 

818 

417262 

30 

809 

Diff. 


1197 
1177 
1158 
1140 
1122 
1105 
1089 
1073 
1057 
1042 


1027 
1013 
999 
985 
972 
959 
946 
934 
922 
911 


800 
791 
783 
775 
766 
758 
750 
743 
735 
728 


721 
714 
707 
700 
693 
687 
680 
674 
668 
661 


656 
650 
644 
638 
633 
627 
622 
616 
611 
606 


)-tahgent  88  Degrees. 


M 


74                 TABLE  4. 

1 

Loganthms  of  Numbers. 

No.  7600 8200              Log.  880814  913814 

NoJ 

0 

1 

2 

3 

4 

r 

5 

6 

7 

8 

9 

Diff 

760 

g80814 

880871 

880928 

880985 

881042 

861099 

881156 

881213 

881270 

881328 

57 

761 

881385 

881442 

881499 

881556 

881613 

881670 

881727 

881784 

881841 

881898 

57 

762 

881955 

882012 

882069 

882126 

882183 

882240 

882297 

882354 

882411 

882468 

57 

763 

882524 

882581 

882638 

882695 

882752 

882809 

882866 

882923 

882980 

883037 

57 

7&t 

883093 

883150 

883207 

883264 

883321 

883377 

883434 

883491 

883548 

57 

765 

883661 

883718 

883775 

883832 

883888 

883945 

884002 

884059 

884115 

884172 

57 

766 

884229 

884285 

884342 

884399 

884455 

884512 

884569 

884625 

884682 

884739 

57 

767 

884795 

884852 

884909 

884965 

885022 

885078 

885135 

885192 

885248 

885305  57  | 

768 

885361 

885418 

885474 

885531 

886587 

885644 

885700 

885757 

885813 

885870 

57 

769 

885926 

885983 

886039 

886096 

886152 

886209 

886265 

886321 

886378 

886434 

M 
56 

770 

886491 

886547 

886604 

886660 

886716 

886773 

886829 

886885 

886042 

886998 

771 

887054 

887111 

887167 

887223 

887280 

887336 

887392 

887449 

887505 

887561 

56 

772 

887617 

887674 

887730 

887786 

887842 

887898 

887965 

888011 

888067 

888123 

56 

773 

888179 

888236 

888292 

888348 

888404 

888460 

888516 

888573 

888629 

888685 

56 

774 

888741 

888797 

888853 

888909 

888965 

889021 

889077 

889134 

889190 

889246 

56 

775 

889302 

889358 :  889414 

889470 

889526 

889582 

889638 

889694 

889750 

889806 

56 

776 

889862 

889918  889974 

890030 

890086 

890141 

890197 

890253 

890309 

890365 

56 

777 

890421 

890477  890533 

890589 

890644 

890700 

890756 

890812 

RQASiiA 

890924 

56 

778 

890980 

891035  891091 

891147 

891203 

891259 

891314 

881370 

891426 

891482 

56 

779 

891537 

891593  891649 

891705 

891760 

891816 

891872 

891928 

891983 

892039 

56 

780 

892095 

892150  892206 

892262 

892317 

892373 

892429 

892484 

892540 

892595 

56 

781 

892051 

892707  892762 

892818 

892873 

892929 

892985 

893040 

893096 

893151 

56 

782 

893207 

893262  893318 

893373 

893429 

893484 

893540 

893595 

893651 

893706 

56 

783 

893762 

893817  893873 

893928 

893984 

894039 

894094 

894150 

894205 

894261 

55 

784 

894316 

894371  894427 

894482 

894538 

894593 

894648 

894704 

894759 

894814 

55 

785 

894870 

894925  894980 

895036 

895091 

895146 

895201 

895257 

895312 

895367 

55 

786 

895423 

895478  895533 

895588 

895643 

895699 

895754 

895809 

895864 

895920 

55 

787 

895975 

896030  896085 

896140 

896195 

896251 

896306 

896361 

896416 

896471 

55 

788 

896526 

896581  896636 

896692 

896747 

896802 

896857 

896912 

896967 

897022 

55 

789 

897077 

897132  897187 

897242 

897297 

897352 

897407 

897462 

897517 

897572 

55 

790 

897627 

897682  897737 

897792 

897847 

897902 

897957 

898ai2 

898067 

898122 

55 

791 

898176 

898231  898286 

898341 

898396 

898451 

898506 

898561 

898615 

898670 

55 

792 

898725 

898780  898835 

898890 

898944 

898999 

899054 

899109 

899164 

899218 

55 

793 

899273 

899328  899383 

899437 

899492 

899547 

899602 

899656 

899711 

899766 

55 

794 

899820 

899875  899930 

899985 

900039 

900094 

900149 

900203 

900258 

900512 

55 

795 

000367 

900422  900476 

900531 

900586 

900640 

900695 

900749 

900804 

900858 

55 

796 

900913 

900968  901022 

901077 

901131 

901186 

901240 

901295 

901349 

901404 

55 

797 

901458 

901513  901567 

901622 

901676 

901731 

901785 

901840 

901894 

901948 

54 

798 

902003 

902057  902112 

902166 

902221 

902275 

902329 

902384 

902438 

902491 

54 

799 

902547 

902601  902655 

902710 

902764 

902818 

902873 

902927 

902981 

903036 

54 

800 

903090 

903144  903198 

903253 

903307 

903361 

903416 

903470 

903524 

903578 

54 

801 

903632 

903687  903741 

903795 

903849 

903903 

903958 

904012 

904066 

904120 

51 

802 

904174 

904228  904283 

904337 

904391 

904445 

904499 

904553 

904607 

904661 

54 

803 

904715 

904770  904894 

904878 

904932 

904986 

905040 

905094 

905148 

905202 

54 

804 

905256 

905310  905364 

905418 

905472 

905526 

905580 

905634 

905688 

905742 

54 

805 

905796 

905850  905904 

905958 

906012 

906065 

906119 

906173 

906227 

906281 

54 

806 

906335 

906389  906443 

906497 

906550 

906604 

906658 

906712 

906766 

966820 

54 

807 

906873 

906927  906981 

907035 

907089 

907142 

907196 

907250 

907304 

907358 

54 

808 

907411 

907465  907519 

907573 

907626 

907680 

907734 

907787 

907841 

907895 

54 

809 

907948 

908002  908056 

908109 

908163 

908217 

908270 

908324 

908378 

908431 

54 

810 

908485 

908539 

908592 

908646 

908699 

908753  908807 

908860 

908914 

908967 

54 

811 

909021 

909074 

909128 

909181 

909235 

909288  909342 

909395 

909449 

909502 

54 

812 

909556 

909609 

909663 

909716 

909770 

909823 

909877 

909930 

609984 

910037 

53 

813 

910090 

910144 

910197  910251 

910304 

910358 

910411 

910464 

910518 

610571 

53 

814 

910624 

910678 

910731  910784 

910838 

910R91 

910944 

910998 

911051 

911104 

53 

815 

911158 

911211 

911264 

911317 

911371 

911424 

911477 

911530 

911584 

911637 

53 

816 

911690 

911743 

911797 

911850 

911903 

911956 

912009 

912063 

912116 

912169 

53 

817 

912222 

912275 

912328 

912381 

912435 

912488 

912541 

912594 

912647 

912700 

53 

818 

912753 

912806 

912859 

912913 

912966 

913019 

913072 

913125 

913178 

913231 

53 

819 

913284  913337 

913390 

913443 

913496  913549 

913602  !  913655 

913708 

913761 

53 

0    1 

2 

3 

4    5 

6    7 

8    11 

TABLE    5. 
Logarithmic  Sioes,  Tangents,  and  Secants. 


83 


o\   0 

2 
3 
4 
5 

6 


Oh.  4in, 


4 

8 


8 
13 
16 
20 
34 
28 
32 


9,36 
10  40 

11.44 
12  J  48 


13 

U 

15 

IG 

17 

18 

19 

20 

2r 

22 

23 
24 
25 
26 
27 
2S 
29 

^ 
31 
32 
33 

34j 

35' 

36 

37 

38 

39; 

40* 

41. 

43 

44* 

45 

46 

47 

48 

49, 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


52 

56 

5 
4 
8 
12 
16 
20 

24 
28 
32 
36 
40 
44 
48 
53 
56 
6 

4 
8 
19 
18 
30 
34 
28 
32 
36 
40 

44 
48 
52 

56 
7 
4 
8 
12 
16 
20 

24 

38 
32 
36 

40 
44 
48 
53 
56 


8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 


241855 
249033 
■256094 
'263042 
-269881 
276614 
2S3243 
■289773 
'296207 
'302546 
'308794 


8  -314954 
8  '321027 
8  -327016 
8  '332924 
8-338753 
8-344504 
8 -350181 
8  -355783 
8  -361315 
8  -366777 


8-372171 
8  -377499 
8  -382762 
8  '387962 
8 -393101 
8-398179 
8*403199 
8  -408161 
8-413068 
8-417919 


8-422717 
8 -427462 
8-432156 
8 -436800 
8*441394 
8-445941 
8-454040 
8  -454893 
8  -459301 
8 '463665 


8  -467985 
8 -472263 
8  -476498 
8  -480693 
8  -484848 
8  -498963 
8  -493040 
8  -497078 
8 -501080 
8 -505045 


8  -508974 
8  -S12867 
8  -516726 
8-520551 
8  -524343 
8  -528102 
8  -531828 
8-535523 
8  539186 
8  -542819 


Diff. 


Co-8«»nt.  I 


1  Degree. 


1196*3 
11768 
11580 
11397 
11221 
11050 
10883 
10722 
10565 
10413 

10266 

10122 

9982 

9847 

9714 

9586 

9460 

9338 

9219 

9103 

8990 
8880 
8772 
8667 
8564 
8464 
8366 
8271 
8177 
8086 

7996 
7909 
7823 
7740 
7657 
7577. 
7499 
7422 
7346 
7273 

7200 

71291 

7060 

6991 

6924 

6859 

6794 

6731 

6669 

6608 

6548 
6489 
6432 
6375 
6319 
6264 
6211 
6158 
6106 
6055 


-758145 
-750967 ' 
-743906 '. 
-736958 . 
-7301191 
•723386 
•716757 , 
-710227 ) 
•703793 
>697454  i 
'691206 • 


Tangent,  I  Diff. 
241921 1 


249102 
256165  1 
263115 
269956 
8-276691 
8^283323 
8  ^289856 
8  -296292 
8  -302634 
8  -308884 


•685046 

'678973 

-672984 

•667076 

-661247 

•655496 

'649819  j 

'644217 


•638685 
•633223 


8  -315046 
8-321122 
8-327114 
8  -333025 
8  -338856 
8  -344610 
8  -350289 
8-355895 
8  -361430 
8  -366895 


627829 

622501 

617238 

612038 

606899 

601821 

596801 { 

591839 

586932 ! 

582081  * 


•577283 , 
-572538 
-567844 
•563200 
•558606 
-554059 
-549560 , 
•545107  I 
•540699   I 
536335 1 ! 


8  -372292 
8  -377622 
8*382889 
8  -388092 
393234 
398315 
403338 
408304 
413213 
418068 


8 
8 
8 
8 
8 
8 


8 
8 
8 
8 
8 
8 
8 
8 
8 


422869 
427618 
432315 
436962 
441560 
446110 
450613 
455070 
459481 


8  -463849 


'532015 
•527737 
•523502 
•519307 
-515152 
•511037 
•506960 
•502922 
•498920 
-494955 


8-468172 
8-472454 
8-476093 
8  •480892 
8  -485050 
8^4891 70 
8  •493250 
8  ^497293 
8-501298 
8  -505267 


•491026 
•487133 
•483274 
•479449 
•475657 
•471898 
•468172 
•464477' 
•460814 
•457181 


8 -509200 
8  -513098 
8  -516961 
8  -520790 
8  -524586 
8  -528349 
8  *532080 
8 -535779 
8 '539147 
8  •543084 

Co.Cuig. 


11967 
11772 
11584 
11402 
11225 
111054 
10887 
10726 
!10570 
il0418 

'10270 
10126 
9987 
9851 
9719 
9590 
9465 
9343 
I  9224 
j  9108 

8995 
8885 
8777 
8672 
8570 
8470 
8371 
8276 
8182 
8091 

8002 
7914 
7829 
7745 
7663 
7583 
7505 
7428 
7352 
7279 

7206 
7135 
7066 
6998 
6931 
6865 
6801 
6738 
6676 
6615 

6555 
6496 
6439 
6382 
6326 
6272 
6218 
6165 
6113 
6062 


Co-tMig.  I  Secmt. 


11  •758079 
11-750898 
11-743835 
11-736885 
11-730044 
11-723309 
11-716677 
11-710144 
11-703708 
11-697366 
11*691116 


10 -000066 
10  -000068 
000071 
000073 
000075 
000078 
000080 
000082 
000085 
000087 
000090 


10 
10 
10 
10 
10 
10 
10 
10 
10 


D. 


11 
11 
11 
11 
11 
11 

u 
11 
11 
11 


-684954 
-678878 
-672886 
-666975 
-661144 
-655390 
•649711 
•644105 
•638570 
•633105 


10  ^000093 
10  -000095 
10  -000098 
10  000101 
10  000103 
10-000106 
10  *000109 
10^000112 
10-000115 
10  000118 


11 
11 
11 
11 
11 
11 
U 
11 
11 
11 


•627708 
•622378 
•617111 
•611908 
•606766 
•601685 
•596662 
•591696 
•586787 
•581932 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


000121 
000124 
000127 
000130 
000133 
000136 
000139 
000142 
000146 
000149 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


•577131 
-572382 
•567685 
•563038 
•558440 
•553890 
•549387 
•544930 
•540519 
•536151 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


•531828 
•527546 
•523307 
•519108 
-514950 
-510830 
•506750 
-502707 
•498702 
•494733 


11  -490800 
11  •486902 
11-483039 
11-479210 
11-475414 
11  ^471651 
11*467920 
11-464221 
11  '460553 
11-456916 

Tangent. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


000152 
000156 
000159 
000162 
000166 
000169 
000173 
000176 
000180 
000184 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


000187 
000191 
000195 
000199 
000203 
000206 
000210 
000214 
000218 
000222 


10. 000226 
10  -000231 
10*000235 
10*000239 
10  *000243 
10*000247 
10  *000252 
10  *000256 
10*000260 
10*000265 

Co-iecant. 


3 
5 
3 
3 
5 
3 
5 
3 
5 
3 

5 
3 
5 
5 
3 
5 
5 
5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
7 
5 

5 
7 
5 
5 
7 
5 
7 
7 
5 
7 

7 
5 
7 
7 
7 
7 
5 
7 
7 
7 

7 
8 
7 
7 
7 
7 
8 
7 
7 
8 


Co-tine,  ( 

I 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


-999934 
999932 
999929 
999927 
999925 
999922 
999920 
999918 
999915 
999913 
999910 


9 
9 
9 
9 
9 
9 


999907 
999905 
999902 
999899 
999897 
999894 
9  -999891 
9  -999888 
9  -999885 
9  ^999882 


66 
52 
48 
44 
40 
86 
32 
28 
24 
i20 

16 

12 

8 

4 

as 

56 
53 
48 
44 
40 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


999879 
999876 
999873 
999870 
999867 
999864 
999861 
999858 
999854 
999851 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


999848 
999844 
999841 
999838 
999834 
999831 
999827 
999824 
999820 
999816 


36139 
33  38 
28  37 
36 
35 
34 
33* 
32 
31 
30 


24 
20 
16 
13 

8 

4 
54 


66 1  29 
62  I  28 
48  27 
44 
40 
36:24 
89  23 
98 
94 


26 
25 


9 
9 
9 
9 
9 


•999813 
'999809 
'999805 
'999801 
'999797 
9 -999794 
9  999790 
9  -999786 
9  -999782 
9  ^999778 


I" 

"I 
16 

19 

8 

4 


83  Degrees. 


9-999774 
9  *999769 
9  -999765 
9-999761 
9  -999757 
9  *999753 
9  -999748 
9  -999744 
9 -999740 
9  999735 

Sine. 


5h.  52m. 


56 
59 

48 
44 

40 

36 
39 
98 
94 

90 

16 

19 

8 

4 
0 

■ 


22 
21 
20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


f 


70 


TCAJBLB  4, 
Logarithms  of  NumbeFB-. 


No.  8800 


9400 


Log.  944483- 


-9731 2& 


No.'   0 


88  J ,  944483 
8811941976 
882 .  945469 


883 
884 
885 
8  {46 
887 
8'<8 


945961 
946452 
946943 
947434 
947924 
948413 


H89  948902 


949390 
949878 
950365 
95085 L 
951037 
951823* 
952308 
952792 
953276 
953760 


944532 
945025 
945518 
946010 
946501 
946992 
947483 
947973 
948462 
948951 


954242 
954725 
955206 
955688 
956168 
956649 
957128 
957607 
958086 
958564 


959041 
959518 
959995 
960471 
960946 
961421 
961895 
962369 
962843 
919 '963315 


949439 

949925 

950413 

950900 

951386 

95187^ 

952356 

952841 

953325 

953808 


944581 
945074 
945567 
946059 
946550 
947041 
947532 
948021 
948511 
948999 


954291 
954773 
955255 
955736 
956216 
956697 
957176 
957655 
958134 
958612 


949488 

949975 

950462 

950949 

95143& 

951920 

952405 

952889* 

953373 

953856 


944631 
945124 
945616 
946108 
946600 
947000 
947581 
948070 
948560 
949048 


949536 

950024* 

95061 > 

950997 

951483^ 

951969 

952456 

952938 

953421 

953905 


6 


944680 
945173 
945665 
946157 
946619 
947139' 
947630' 
948119 
948608 
9490991 


949585 
9600X3 
950560 
951046 
951532 
952017 
962502 
95298(^ 
9534  70> 
963955 


944729 
945222 
945715 
946207 
946698 
947Ib9 
94Z679 
948168* 
948657 
949 146 


944779 
945272 
945764 
946256 
946749 
947238 
947728 
948217 
948706 
949195 


963788 
964260 
964731 

923  j  965202 

924  965672 

925  966142 

926  966611 

927  967080 
i  9281967548 

929  968016 


959089 

959566 

960042 

960518 

960994 

961469 

961943 

962417 

962890 

963363 


954339 
954821 
955303 
855784 
956264 
956745 
957224 
957703 
958181 
958659 


930 
931 
932 
933 
934 
935 
936 
937 
938 
9S9 


968483 
968950 
969416 
969882 
970347 
970812 
97127C 
971740 
972203 
972666 

I  0 


963835 
964307 
964778 
965249 
965719 
966189 
966658 
967127 
967595 
968062 


959137 

959614 

960090 

960566 

961041! 

961516 

961990 

962464 

962937 

963410 


954387 
954869 
955351 
955832 
956312 
956792 
957272 
957751 
95822^ 
958707 


968530 
968996 
969462 
969928 
970393 
970858 
971322 
971786 
972249 
972712 


963882 
964354 
964825 
965296 
965766 
966236 
966705 
967173 
967642 
968109 


959184 
959661 
960138 
960613 
961089 
961563 
962038 
962511 
962985 
963457 


954435 
954918 
955399 
955880 
956361 
956840 
957320 
957799- 
958277 
958755 


9496S4 
950121 
950606 
95109& 
951586 
952066 
95255(^ 
953034 
953518 
954001 


949683 
950176 
96065} 
951143 
951629 
952114 
95259a 
953088 
95356^ 
954049 


7   I   8 


944828 
945321 
945813 
946305 
946796 
947287 
947777 
948266 
948755 
949244 


944877 
945370 
945862 
946354 
946845 
947336. 
947826 
948315 
948804 
949292 


944927 
945419 
945911 
946403 
946894 
947385 
947875 
948364 
948853 
949341 


968576 
969043 
969509 
969975 
970440 
1970904 
971369 
971832> 
972295 
972758 


963929 
964401 
964872 
965343 
965813 
966283 
966752 
967220 
967688 
968156 


959232 
959709 
960185 
960661 
961136 
961611 
962085 
962559 
963032 
963504 


954484 
954966 
955447 
955928 
956409 
956888 
957368 
95784  7r 
958325 
958803 


954532 
955014 
955495 
955976 
956457 
956936 
957416 
957a94> 
958373 
958850 


949731 

9502ia 

950705 

951192 

951677 

952163 

952647 

953134 

953615* 

954096 


949286 

95026X 

950754 

951240 

951726 

952211 

952696 

953i8a 

953663, 

954146 


949829 
950314 
950803 
951289 
951774 
952259 
952744 
95322ft 
953711 
954194 


968623 
969090 
969556 
970021 
970486 
97095L 
971415 
971879 
972342 
972804 


963977 
964448 
964919 
965390 
965860 
966329 
966798 
967267 
967735 
968203 


959280 

959757 

960233 

960709 

961184 

961658 

962132 

962606 

963079 

963552 


959328 

959804 

960284 

960756 

961231 

961706 

962180 

962653 

963126 

963599 


954580 
955062 
955543 
956024 
956505 
956984 
95746^ 
957942 
95842a 
958898 


968670 
969136 
969602 
970068 
970533 
970997 
971461 
971925 
972388 
972851 


964024 
964495 
964966 
966437 
965907 
966376 
966845 
967314 
967782 
968249 


968716 
969183 
969649 
970114 
970579 
971044 
971508 
971971 
972434 
972897 


964071 

964542 

965013^ 

965484 

965954 

966423 

966892 

967361 

967829 

968296 


959375 

959852 

960328- 

960804' 

961279 

961753 

962227 

962701 

963174 

963646. 


954628 

955110 

955592 

956072 . 

956553 . 

957032 

95751i 

957990 

958468 

958946^ 


954677 
955158 
955640 
956120 
956601 
957080 
957559 
958038 
958516 
958994 


\DiS 


49 
49 
49 
49 
49 
49 
49 
49 
49 
49 


49 

49 
49 
49 

49 
48 
48 
48 
48 
48 


959423 

959900 , 

960376 , 

966851 

961326 

961801 

962275 

962748 

963221 

963693 


968763 
969229 
969695 
970161 
970626 
971090 
971554 
972018 
972480 
972943 


964118 

964590 

965060. 

965531' 

966001 

966470 

966939 

967408 

967875 

968343 


968810 
969276 
969742 
970207 
9706V2 
971137 
971600 
072064 
972527 
972989 


«l 


9^165 
964637 
966168 
965578 
966048 
966517 
966986 
967454 
967922 
968389 


959471 

959947 
960423 
960899 
961374 
961^8 
9G2322 
962795 
963268 
963741 


48 
48 
48 
48 
46 
48 
48 
48 
48 
48 


968856 
969323 
969788 
970254 
970719 
971183 
971647 
972110 
972573 
973035 

8 


964212 
964684 
965155 
965625 
966095 
966564 
967033 
967501 
967969 
968436 


48 
46 
48 
48 
48 
47 
47 
47 
47 
47 


968903 
969369 
969835 
970300 
970765 
971229 
971693 
972156 
972619 
973082 


47, 
47 
47 
47 
47 
47 
47 
47 
47 
47 


47 
47 
47 
47 
47 
46 
46 
46 
46 
46 


} 


f 


TABLE  & 
Logarithimc  Sines,  Tangents,  and  Secants. 


8S^ 


Oil.   12m. 


8.718800 
e.  721204 
8  -723595 
8  -725972 
8-728337 
8-730688 
8*733027 
8-735354 
8-737667 
8*739969 
8-742259 


Diff. 


15 

16 

17 

18 

19 

20 

2\ 
22 
23 

^i 

25 

26 

27 
28 
29 
SO 

31 

32 

^^ 

34 

36 

36 

37 

38 

39 

40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

i£ 

51 


8 

8 
8 
8 
8 

'8 


744536 
746802 
749055 
751297 
753528 
755747 
757955 
760151 
762337 


ag  18-764511 

8-766675 
8-768828 
8*770970 

58  » 8  '773101 
40  1 8 -775223 
44  8-777333 
48    8*779434 

59  8-781524 
ft6  18 -783605 
'^'8-785675 


4  1 8  -787736 
S|8-789787 


8 
8 
8 
8 
8 
8 
8 
8 


791828 
793859 
795881 
797894 
799897 
801892 
803876 
805852 


16 

ao 

94 

26 
32 
36 

40 

44  ^8  -807819 

4S,  8 -809777 

sa is -811726 

66 , 8  -813667 

15. 8  -815599 

4   8-817522 

sis -819436 

IS  [8*821343 

16 {8 -823240 

^  SO : 8  -825130 

I S4;  8 -827011 


4006 
3984 
3962 
3941 
3919 
3808 
3877 
3857 
3836 
3816 

3796 
1 3776 
3756 
!  3737 
3717 
3698 
2679 
3661 
3642 
3624 

3606 
3588 
3570 
3553 
3535 
3518 
3501 
3484 
3467 
3451 

3434 
3418 
3402 
3386 
3370 
3354 
3339 
3323 
3308 
3293 

3278 
3263 
3249 
3234 
3219 
3205 


3191 


I 


52 ;  18 « 8  -828884 

53  sSt  8 -830749 

54  so  i  8 -832607 
55 1 40  { 8  -834456 
56  {44  J  8 -836297 
57148.8-838130 
58  2  s)  i  S  -839956 
59 1 06  8-841774 
'^   1618*843585 


60 


3177 
3163 
3149 

3135 
3122 
3108 
3095 
3082 
3069 
3056 
3043 
3030 
3017 


j  Co-iiiie.  f 


Co-fecant. 


281200 
278796 
276405 
274028 
271663 
269312 
266973 
264646 
262333 
260031 
257741 


255464 
253198 
250945 
248703 
246472 
244253 
242045 
239849 
237663 
235489 


233325 
231172 
229030 
226899 
224777 
222667 
220566 
218476 
216395 
214325 


212264 
210213 
208172 
206141 
204119 
202106 
200103 
198108 
196124 
194148 


192181 
190223 
188274 
186333 
184401 
182478 
180564 
178657 
176760 
174870 


172989 
171116 
169251 
167393 
165544 
163703 
161870 
160044 
158226 
156il6 

Secant. 


3  Degrees. 


Tangent.  |  Diff. 


719396 
721806 
724204 
726588 
728959 
731317 
733663 
735996 
738317 
740626 
742922 


745207 
747479 
749740 
751989 
754227 
756453 
758668 
760872 
763065 
765246 


767417 
769578 
771727 
773866 
775995 
778114 
780222 
782320 
784408 
786486 


788554 
790613 
792662 
794701 
796731 
798752 
800763 
802765 
804758 
806742 


808717 
810683 
812641 
814589 
816529 
818461 
820384 
822298 
824205 
826103 


827992 
829874 
831748 
833613 
835471 
837321 
839163 
840998 
842825 
844644 


Co-tang. 


4017 
3995 
3974 
3952 
3931 
3909 
3889 
3868 
3848 
3827 

3807 
3787 
3768 
3749 
3729 
3710 
3692 
3673 
3655 
3636 

3618 
3600 
3583 
3565 
3548 
3531 
3514 
3497 
3480 
3464 

3447 
3431 
3415 
3399 
3383 
3368 
3352 
3337 
3322 
3306 

3292 
3277 
3262 
3248 
3233 
3219 
3205 
3191 
3177 
3163 

3150 
3136 
3123 
3109 
3096 
3083 
3070 
3057 
3045 
3032 


Co-tang. 


280604 
278194 
275796 
273412 
271041 
268683 
266337 
264004 
261683 
259374 
257078 


254793 
252521 
250260 
248011 
245773 
243547 
241332 
239128 
236935 
234754 


232583 
230422 
228273 
226134 
224005 
221886 
219778 
217680 
215592 
213514 


211446 
209387 
207338 
205299 
203269 
201248 
199237 
197235 
195242 
193258 


191283 
189317 
187359 
185411 
183471 
181539 
179616 
177702 
175795 
173897 


172008 
170126 
168252 
166387 
164529 
162679 
160837 
159002 
157175 
155356 

Tuigent 


Secant. 


000596 
000602 
000609 
000616 
000622 
000629 
000636 
000643 
000650 
000657 
000664 


000671 
000678 
000685 
000692 
000699 
000706 
000713 
000721 
000728 
000735 


000743 
000750 
000758 
000765 
000773 
000780 
000788 
000795 
000803 
000811 


000819 
000826 
000834 
000842 
000850 
000858 
000866 
000874 
000882 
000890 


000898 
000906 
000914 
000923 
000931 
000939 
000947 
000956 
000964 
000973 


000981 
000990 
000998 
001007 
001016 
001024 
001033 
001042 
001050 
001059 


D. 


10 
12 
12 
10 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

13 
12 
13 
12 
13 
12 
13 
13 
13 
13 

13 
12 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
15 
13 
13 
15 
13 
13 
15 

13 
15 
13 
15 
15 
13 
15 
15 
13 
15 


Co-sine. 


999404 
999398 
999391 
999384 
999378 
999371 
999364 
999357 
999350 
999343 
999336 


999329 
999322 
999315 
999308 
999301 
999294 
999287 
999279 
999272 
999265 


999257 
999250 
999242 
999235 
999227 
999220 
999212 
999205 
999197 
999189 


999181 
999174 
999166 
999158 
999150 
999142 
999134 
999126 
999118 
999110 


999102 
999094 
999086 
999077 
999069 
999061 
999053 
999044 
999036 
999027 


999019 
999010 
999002 
998993 
998984 
998976 
998967 
998958 
998950 
998941 


86  Degrees. 


Co-aecant.  1      j     Sine. 


56 

62 
48 
44 
40 
86 
82 
28 
24 
20 

16 

12 

8 

4 

47 

66 

62 

48 

44 

40 

86 

82 

28 

24 

20 

16 

12 

8 

4 

46 

66 
52 
48 
44 
40 
86 
82 
28 
24 
20 

16 

12 

8 

4 

45 

66 

62 

48 

44 

40 

86 
82 
28 
24 

20 

16 

12 

8 

4 

0 

• 


5h.  44m. 


60 
59 

58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40^ 

39 
38 
37 
36 
35 
34 
33 
32 
31 

22- 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

H. 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


H6 


Oil.  16in. 


0 
1 

2 

3 

4 

5 
6 
7 

8 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30^ 

31 
32 
33 
34 
35 
36 
37 
38 
89 
JO 

41 
42 
43 
44 
45 
46 
47 
48 
49 

i2. 

51 
52 
53 
54 
65 
56 
57 
58 
59 
60 


■ 
0 
4 
8 
13 

iG 
20 
24 
38 
32 
36 
40 

44 

48 
53 
56 
17 

4 

8 

12 

16 

2U 

34 
28 
32 
36 
40 
44 
48 
52 
66 
18 

4 
8 
12 
16 
20 
24 
28 
S3 
36 
40 

4^4 

48 
53 
56 
19 

4 

8 

12 

16 

20 

24 

28 
32 
86 
40 
44 
48 
52 
56 

ao 


Sine. 


843585 
845387 
847133 
848971 
850751 
852525 
85t291 
856019 
857801 
8095(6 
861 2K3 


863014 
864738 
866455 
868165 
869808 
871565 
873255 
874938 
876615 
878285 

87U949 
881607 
883258 
884903 
886542 
888174 
889801 
891421 
893035 
894643 


TABLE  5. 
Logaritlimic  Sines^  Tangents^  and  Secants. 

4  Degrees.  


Diff. 


890246 
697842 
899432 
901017 
902596 
904169 
905736 
907297 
908853 
910404 


911949 
913488 
915022 
916550 
918073 
919591 
921103 
922610 
924112 
925609 


927100 
928587 
930068 
931544 
933015 
934481 
935842 
937398 
938850 
940296 


(^-secant.  I  Tangent. 


Oo-sine. 


3005 
2992 
2980 
2967 
2955 
2943 
2931 
2919 
2908 
2896 

2884 
2873 
2861 
2850 
2839 
2828 
2817 
2806 
2795 
2784 

2773 
2763 
2752 
2742 
2731 
2721 
2711 
2700 
2690 
2680 

2670 
2660 
2651 
2611 
2631 
2622 
2612 
2603 
2593 
2584 

2575 
2566 
2556 
2547 
2538 
2529 
2520 
2512 
2503 
2494 

2486  I 

2477 

2469 

2460 

2452 

2443 

2435 

2427 

2419 

2411 


156415 
154613 
152817 
151029 
149249 
147475 
145709 
143951 
142199 
140454 
138717 


136986 
135262 
133545 
131835 
130132 
128435 
126745 
125062 
123385 
121715 


120051 
118393 
116742 
115097 
113458 
111826 
110199 
108579 
106065 
105357 


103754 
102158 
100568 
098983 
097404 
095831 
094264 
092703 
091147 
089596 


088051 
086512 
084978 
083450 
081927 
080409 
078897 
077390 
075888 
074391 


072900 
071413 
069932 
068456 
066985 
065519 
064058 
062602 
061150 
059704 


844644 
846455 
848260 
850057 
851846 
853628 
855403 
857171 
858932 
860686 
862433 


864173 
865906 
867632 
869351 
871064 
872770 
874469 
876162 
877849 
879529 


Diff. 


881202, 

882869 

884530 

886185 

887833 

889476 

891112 

892742 

894366 

895984 


897596 
899203 
900803 
902398 
903987 
905570 
907147 
908719 
910285 
911846 


913401 
914951 
916495 
918034 
919568 
921096 
922619 
924136 
925649 
927156 


928658 
930155 
931647 
933134 
934616 
936093 
937565 
939032 
940494 
94195^ 


3019 
3007 
2995 
2982 
2970 
2958 
2946 
2935 
2923 
2911 

2900 
2888 
2877 
2866 
2854 
2843 
2832 
2821 
2811 
2800 

2789 
2779 
2768 
2758 
2747 
2737 
2727 
2717 
2707 
2697 

2687 
2677 
2667 
2658 
2648 
2638 
2629 
2620 
2610 
2601 

2592 
2583 
2574 
2565 
2556 
2547 
2538 
2530 
2521 
2512 

2503 
2495 
2486 
2478 
2470 
2461 
2453 
2445 
2437 
2429 


Co-tang. 


Secant.  |  Co-tang. 


155356 
153545 
151740 
149943 
148154 
146372 
144597 
142829 
141068 
139314 
137567 


Secant. 


135827 
134094 
132368 
130649 
128936 
127230 
125531 
123838 
122151 
120471 


118798 
117131 
115470 
113815 
112167 
110524 
108888 
107258 
105634 
104016 


102404 
100797 
099197 
097602 
096013 
094430 
092853 
091281 
089715 
088154 


086599 
085049 
083505 
081966 
080432 
078904 
077381 
075864 
074351 
072844 


071342 
069845 
•068353 
066866 
065384 
•063907 
062435 
060968 
059506 
05*8048 


Tangent. 


10-001059 
10-001068 
10  001077 
10  -001086 
10-001095 
10  001 104 
10  001 113 
10-001122 
10*001131 
10*001140 
10-001149 


D. 


10  001159 
10-001168 
10-001177 
10-001187 
10-001196 
10-001205 
10*001215 
10  -001€24 
10-001234 
1^-001243 


10  -001253 
10  -001262 
10-001272 
10-001282 
10  -001292 
10-001301 
10-001311 
10  -001321 
n -001331 
10  001341 


10 -001351 J 
10  -001361 
10-001371 
10-001381 
10  -001391 
10  -001401 
10-001411 
10-001422 
10*001432 
10  001442 


10*001452 
10  001463 
10  001473 
10-001484 
10  -001494 
10-001505 
10  001515 
10  -001526 
10  001536 
10-001547 


10 
10 
10 
10 
10 
10 
10 
ID 
10 


001558 
001569 
001579 
001590 
001601 
001612 
001623 
001634 
O01645 


10  001656 


Co-secant. 


IS 
15 
15 
15 
15 
15 
15 
15 
15 
15 

17 
15 
15 
17 
15 
15 
17 
15 
17 
15 

17 
17 
15 
17 
17 
15 
17 
17 
17 
17 

17 
17 
17 
17 
17 
17 
17 
18 
17 
17 

17 
18 
17 
18 
17 
18 
17 
18 
17 
18 

18 
18 
17 
18 
18 
18 
18 
18 
18 
18 


9  -998941  44 


9989321 
99892: 
998914 
998905 
99889G 
99888 
9-998878 
9 -998865 
9-998860 
9  -99885 1 


9 
9 
9 
9 
9 
9 


998841 
998832 
998823 
998813 
998804 
998795 
998785 
9  -998776 
9 -998766 
9*998757 


9-998747 
9  993738 
9  -998728 
9*998718 
9 -998708 
9 -998699 
9 -998689 
9 -998679 
9  998669 
9  -998659 


9 -998649 
9  998639 
9 -998629 
9*998619 
9  -998609 
9 -998599 
9-998589 
9  -998578 
9-998568 
9*998558 


9  -998548 
9  -998537 
9  -998527 
9-9985i6 
9*998506 
9  *998495 
9  -998485 
9  -998474 
9 -998464 
9  -998453 


9 -998442 
9 -998431 
9*998421 
9-998410 
9  -998399 
9  -998388 
9-998377 
9  -998366 
9 -998355 
9  -998344 


Sine. 


«0 


5« 
SS 

4S 
44 


M 
SS 

J* 
SO 

16 

13 

8 

4 

45 

56 

iS 

48 

44 

40 

3« 

82 

38 

34 

20 

16 

IS 

8 

4 

4B 

56 
53 
48 
44 
40 
36 
S3 
28 
34 
30 

16 

13 

8 

4 

41 

56 

53 

48 

44 

40 

36 
33 

38 

84 

SO 

16 

IS 

8 

4 

0 

• 


12 

50 

i$ 
48 
4; 
46 
45 
44 
43 
42 
41 
40 

59 
ZA 
37 

33 
34 
33 
32 
31 

ii 

29 
28 
27 
26 
25 
21 
23 

n 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

9 
8 
7 
6 
b 
4 
3 
2 
1 
0 


85  Degi*ee8. 


5h.  <Oni. 


TABLE  5, 
Logarithmic  Smes^  Tangents,  and  Secants. 


87 


Oh.   20in. 


0 
1 
2 
3 

4 
b 
6 
7 
8 
9 
_10 

U 

12 

IZ 

14 

U 

16 

17 

IS 

19 

20 

21 
2S 
23 
24 

25 
26 
27 
28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 

i?. 
41 

42 

43 
44 

45 
46 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


0 

4 
8 
IS 
16 
90 
24 
S0 

as 

3« 
*9 

44 

48 
5S 
56 
ftl 

4 

8 

13 

16 

20 

34 
38 
S3 

56 
40 
44 
48 
53 
56 


4 
8 
13 
16 
20 
34 
38 
S3 
S6 
40 

44 
48 
63 
M 


8 -940296 

8-941738 
8 -943174 
8 -944606 
8  -946034 
8 -947456 
8 -948874 
8-950287 
8-951696 
8  -953100 
8 -954499 


Diff. 


a  -955894 
8  -957284 
8  -958670 
8  -960052 
8-961429 
8  -962801 
8-964170 
8 -965534 
8-966893 
8  -968249 


4 
8 

13 
16 
30 

34 
38 

sa 

S6 

«0 
44 
48 
S3 
56 
fl4 


8  -969600 
8-970947 
8-972289 
8 -973628 
8  '974962 
8-976293 
8-977619 
8-978941 
8-980299 
8-981573 


8  -982883 
8-984189 
8-985491 
8  -986789 
8  -988083 
9-989374 
8-990660 
8-991943 
8-993222 
8-994497 


995768 
997036 
998299 
999560 
000816 
002069 
003318 
004563 
9. 005805 
9  -007044 


9  '008278 
9-009510 
9-010737 
9-011962 
9-013182 
014400 
015613 
016824 
018031 
019235 


9 
9 
9 
9 
9 


2403 

2394 
2387 
2379 
2371 
2363 
2355 
2348 
2340 
2332 

2325 
2317 
2310 
2302 
2295 
2288 
2280 
2273 
2266 
2259 

2252 
2245 
2238 
2231 
2224 
2217 
2210 
2203 
2197 
2190 

2183, 

2177 

2170 

2163 

2157 

2150 

2144 

2138 

8131 

2125 

2119 
2112 
2106 
2100 
2094 
2088 
2082 
2076 
2070 
2064 

2058 
2052 
2046 
2040 
2034 
2029 
2023 
2017 
2012 
2006 


5  Degrees. 


Co-aecant. 


1  -059704 
1  -058262 
056826 
055394 
053966 
052514 
051126 
049713 
048304 
04G900 
045501 


Tangent. 


044106 
042716 
041330 
039948 
038571 
037199 
035830 
034466 
033107 
031751 


8-941952 
8  '943404 
944852 
046295 
947734 
949168 
950597 
8*952021 
8-953441 
8*954856 
8  -956267 


8 
8 
8 
8 
8 


Diff. 


030400 
029053 
027711 
026372 
025038 
023707 
022381 
021059 
019741 
018427 


017117 
015811 
014509 
013211 
011917 
010626 
009340 
008057 
006778 
005503 


004232 
002964 
001701 
000440 
999184 
997931 
996682 
995437 
994195 
992956 


991722 
990490 
989263 
988038 
986818 
985600 
984387 
983176 
981969 
980765 


Stwuit. 


8-957674 
8 -959075 
8-960473 
8*961866 
8  -963255 
8  •9&I639 
8-966019 
8  -967394 
8 -968766 
8-970133 


8-971496 
8  -972855 
8 '974209 
8  -975560 
8  -976906 
8  -978248 
8  -979586 
8  980921 
8-982251 
8-983577 


8  -984899 
8*986217 
8  -987532 
8  -988842 
8-990149 
8-991451 
8  -992750 
8-994045 
8  -995337 
8  -996624 


8  -997908 

8  '999188 
•000465 
-001738 

003007 
-004272 
-005534 
-006792 

9  00804 7 
9  -009298 


9 
9 
9 
9 
9 
9 


9  -010546 
9  011790 
9  -013031 
9 -014268 
9  015502 
9  -1^16732 
9-017959 
9  '019183 
9 -020403 
9 '021620 


Cd-tmg, 
WTJ 


2421 
2413 
2405 
2397 
2390 
2382 
2374 
2366 
2359 
2351 

2344 
2336 
2329 
2322 
2314 
2307 
2300 
2293 
2286 
2279 

2271 
2265 
2257 
2251 
2244 
2237 
2230 
2223 
2217 
2210 

2204 
2197 
2191 
2184 
2178 
2171 
2165 
2158 
2152 
2146 

2140 
2134 
2127 
2121 
2115 
2109 
2103 
2097 
2091 
2085 

2079 
2074 
2068 
2062 
2056 
2051 
2045 
2039 
2034 
2028 


Co-tang. 


11-058048 
11-056596 
11-055148 
053705 
052266 
050832 
049403 
047979 
046559 
045144 
043733 


11 
11 
11 
11 
11 
11 
11 
11 


Secant. 


11  042326 
11  040925 
11  039527 
11  038134 
036745 
035361 
033981 
032606 
031234 
029867 


11 
11 
11 
11 
11 
11 


11*028504 
11-027145 
11-025791 
11  024440 
11-023094 
11-021752 
11  020414 
11-019079 
11-017749 
11  -016423 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


015101 
013783 
012468 
011158 
009851 
008549 
007250 
005955 
004663 
003376 


11-002092 
11*000812 
10  -999535 
10  -998262 
10  -996993 
10-995728 
10  -994466 
10  '993208 
10.991953 
10  -990702 


10 -989454 
10-988210 
10 -986969 
10 -985732 
10*984498 
10  '983268 
10*982041 
10*980817 
10  -979597 
10  -978380 


Tangent. 


001656 
001667 
001678 
001689 
001700 
001711 
001723 
001734 
001745 
001757 
001768 


D. 


001780 
001791 
001803 
001814 
001826 
001837 
001849 
001861 
001872 
001884 


001896 
001908 
001920 
001932 
001944 
001956 
001968 
001980 
001992 
002004 


002016 
002028 
002041 
002053 
002065 
002078 
•O02090 
002103 
002115 
002128 


002140 
002153 
002165 
002176 
002191 
002203 
002216 
002229 
002242 
002255 


0022C8 
002281 
002294 
002307 
002320 
002333 
002346 
002359 
009372 
002386 


Co-«ec«nt. 


18 
18 
18 
18 
18 
20 
18 
18 
20 
18 

20 
18 
20 
18 
20 
18 
20 
20 
18 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
22 
20 
20 
22 
20 
22 
20 
22 

20 
22 
20 
22 
22 
20 
22 
22 
22 
22 

22 
22 
22 

22 
22 
22 
22 
22 
22 
28 


Co-aine. 


9  -998344 
9  -998333 
9  -998322 
9-998311 
9-998300 
9  -998389 
998277 
998266 
998255 
998243 
998232 


9  -998220 
9  -998209 
9-998197 
9  -998186 
9-998174 
9-998163 
9-998151 
9  -998139 
9-998128 
9-998116 


9-998104 
9 -998092 
9  -998080 
9 -998068 
9  -998056 
9.998044 
9. 998032 
9. 998020 
9. 998008 
9. 997996 


9  -997984 
9  '997972 
9 -997959 
9 '997947 
9 -997935 
9  -997922 
9-997910 
9  -997897 
9 '997685 
9  -997872 

9 -997860 
9-997847 
9  '997635 
9 -097822 
9 -997809 
9 -997797 
9 '997784 
9*997771 
9  -997758 
9  -997745 


9-997732 
9*997710 
9  -997706 
9 '997693 
9  -997680 
9  097667 
9  097654 
9-997641 
9  -997628 
9*997614 


40 

56 
53 
48 
44 
40 
S6 
83 
38 
34 
90 

16 

IS 

8 

4 

89 

56 

53 

48 

44 

40 

86 
S3 
38 

34 

30 

16 

13 

8 

4 


Bins. 


66 
59 
48 
44 
40 
86 
89 
98 
34 
90 

16 
19 
8 
4 
87 
66 
69 
48 
44 
40 

86 
89 
96 
94 

90 
16 
19 

8 
4 
0 

• 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30^ 

29 
28 
27 
26 
25 
24 
23 
22 
21 

11 
19 

18 
17 
16 
15 
14 
13 
12 
11 

il 
9 

8 
7 
6 
5 
4 
8 
2 
1 
0 


egrecs. 


6h.  d6in* 


1 

es                                           TABLE    6.                                                V 

L(^t1imic  Sines,  Timgeata,  aod  Secants.                         H 

Oh-              —                      n 

_L"> 

SecBIt. 

D. 

c^    L. 

0 

9  -019235 

2000 
1995 
1989 
1984 
1978 
1973 
1967 
1962 

10-980765 

9-021620 

2023 

2017 
2011 
2006 
2001 
1995 
1990 
1985 
1979 
1974 
1969 
1964 
1958 
1963 
1948 
1943 
1938 
1933 
1928 
1923 

10-978380 

10  002386 

22 
22 
23 

22 
23 
22 
23 
22 
23 

9-9B;ai4S«« 

1 

9-020435 

10 

979565 

9-022831 

10-977166 

10-002309 

9-99;M1  »  m 

2 

9  021632 

10 

978368 

9-021011 

10-975956 

10-002112 

9-99:iStl  H  If 

3 

9  -032825 

10 

977175 

9-025251 

10-974749 

10  002426 

9  man  *ib; 

4 

9  -024016 

10 

975984 

9  026455 

10-973545 

10-002439 

9  -997561  <«N 

5 

9  -025203 

10 

974797 

9-027655 

10-972345 

10-002463 

9-997M7  »'» 

6  at 

9  -026386 

10 

973611 

9-028852 

10-971148 

10-002466 

9-997431  »il 

7  ss 

9  0-J7567 

10 

97243S 

9-030046 

10-969954 

10-002480 

9 ■937*70  MSI 

8    11 

9  028744 

10 

971256 

9-031237 

10-968763 

10  -002493 

9 -997507  "M 

9   SB 

9-029318;  J"; 

US"" 

10 

970082 

9-032125 

10-967576 

10  002507 

9-997193  '•  il 

lo'*o 

10 

968911 

9-033609 

10-966391 

10 -002520  i;^ 

9-997480  MM 

'To' 

967713 

9-031791 

10-965209 

10  002531 

23 
22 
23 
23 
23 
23 
23 
23 
23 

9-997166  l«  « 

lajia 

10 

966579 

9  -035969 

10-964031 

10  -002518 

9 -997151  1'  t* 

13' ti 

9-034582 

1930 
1925 
1920 
1916 

1910 
1905 
1899 
1895 
1889 
1881 
1879 
1875 

10 

965418 

9-037144 

10  -962866 

10  002561 

9-99r«9    '  « 

11 'ts 

9-035741 

10 

961259 

9-038316 

10  961681 

10  002575 

9-997125    <  *( 

15  as 

9-036896 

10 

963104 

9-039185 

10-960515 

10-002589 

9-997111  ast; 

16|   t 

9-039048 

10 

961952 

9-040651 

10-959319 

10  -002603 

9-997397  «  » 

17       B 

9-039197 

10 

960B03 

9-041813 

10 -958187 

10-002617 

9  ■9973S3  "  11 

18   la 

9-040342 

10 

959658 

9  -042973 

10  -957027 

10  002631 

9 -ssTses  "  « 

19   l« 

9  041485 

10 

958515 

9-044130 

10-955870 

10-002616 

9-997355  "  41 

MJJO 

9-012625 

10 

967375 

9-015281 

10-951716 

10-002659 

9-997311  »»  4H 

21 

9-043762 

To" 

956238   9-016131  1,'^;° 

10-953566 

10  -002673 

??    9-B973!?l"P   1 
^,9-997313|"l»l 

21 

9  044895 

10 

955105 

9-047582  .'Job 
9-048727    ™^ 
9-049869'!™ 
9  051008  i  J™ 
9  052144    }^ 
9-053277  mSSJ 
9-054107    \^* 
9-055535    ;!;^ 

10-952118 

10-002687 

23 

9  -046026 

10 

953971 

10951273 

10-002701 

23 
23 
23 
25 
23 
23 
25 
23 
25 
23 
2S 
23 
25 
23 
25 
25 
25 
23 

9-997299  "  S: 

24 

JB 

9  017151 

10 

962846 

10-950131 

10-002716 

9-997284  »  36 

25 

*0 

9  -018279 

10 

951721 

10-918992 

10-002729 

9  ■997271  »» 

26 

9  -040400  j \l^" 
9 -05051 9     !!^ 

10 

950600 

10-917856 

10-002713 

9 -997257  '«  H 

27 

10 

949481 

10-916723 

10-002758 

9 -997212  "  U 

SS 

aa\ 9  -053859 ! ll^° 

10 

918365 

10  '945593 

10-002772 

9 -997228    »  3! 

29 

10 

917251 

10-911465 

10-002786 

9-997211    4  11 

30 
31 

10 

946141 

9-056659 

1870 

10-943341 

10-002801 

9-997199  «l3i! 

9-051966  1:"; 
9-0560711;"^ 

10 

945031,9-057781 

10-942319 

10-002815 

9-997185  *'  -S 

32 

8 

10 

943929    9  058900    I^i; 

10-941100 

10-002830 

9-997170  "  « 

33 

9-057172 

1831 

1837 
1822 

10 

942628 

9-000016    """ 

10  939981 

10-002841 

9-997156  "  « 

31 

1« 

9-058271 

10 

911729 

9-061130   \f.] 
9 -062210;  ^53 
9-063318'   !1S 

10-93F87a 

10-002859 

9-997111   "  !' 

3b 

9  059367 

10 

940633 

10-937760 

10-002873 

9  -997127   •»  !i 

36 

9  -060160 

10 

939540 

10-936662 

10-002888 

9-997112  »  !t 

37 

9-061551 

1813 
1808 
1804 
1799 

10 

938119   9 -0611631,'^^: 
937361   9-065556   "^i 
936276 '9  066655  1  "no 

10-935547 

10  ■002902 

9  •997099  "  J> 

38 

9-062639 

10 

10-934144 

10-002917 

9-997083  M  « 

39 

1» 

9  -063721 

10 

10-933315 

10-002932 

9 -997068  "  21 

40 

40 

9-064806 

10 

936l94|9-067752 

1821 
1819 
1815 
1810 
1806 
1802 
1797 
1793 
1789 
1781 
1780 

10-932248 

10-002917 

9  -99Kft3  *"  W 

9-0658B5 

931115.9-068846 

10-931151 

10-002961 

9^997^  »  19 

42 

19 

9-066962 

mo!}" 

17861    ? 
1781 ! \l 
1777 i}^ 

1772 , ;» 
1768 1 ;o 

1763    " 
17S9 

933038   9  069938 

10  -930062 

10-002976 

"19-99702*   "  13 
"19-997009     »  1? 
^   9-996991     ♦_  16 

43 

9  -0G8036 

931964   9-071027 

10-928973 

10-002991 

44 

9  -069107 

930893   9-072113 

10-927887 

10-003006 

45 

07 

9-070176 

929824 

9-073197 

10-926803 

10-003021 

25 
25 

9  -996979  »  H 

46 

9-071212 

928758 

9-074278 

10-925722 

10-003036 

9-996964    "   H 

47 

9  -072306 

927694 

9-075356 

10-921641 

10-003051 

9-996949   "   1^ 

48 

9  -073366 

926634 

9-076132 

10-923568 

10-003066 

9-996931   <«  i; 

49 

9  -074424 

925576 

9  077505 

10-922495 

10  -0030B1 

25 
25 
25 
27 

9-996919   "   11 

90 

10 

9-0754B0 

1755 
1750 
1716 
1712 
1738 
1733 
1729 
1725 
1721 

10 

924520 

9-078576 

10-921121 

10  003096 

9-996901   40   V< 

9  076533 

To- 

923167 

9-079614 

r 6 

10-003111 

9-996889   *'     3 

S2 

38 

9  -077583 

10 

922117 

9 -080710  i;"" 
9-081773    I"j 
9 -082833    "" 
9-0H3891      '!| 
9-081917      ;„ 
9-086000   JI" 

9-089144    "" 

0 

10  003126 

9-996871    "    " 

53 

9-078631 

10 

921369 

1               7 

10  003112 

9-996B5H   "^     7 

64 

9  -079676 

10 

920324 

1               7 

10-003157 

25 
27 
26 
26 
27 
25 

9-996843   "     6 

5S 

9-080719 

10 

919281 

1               9 

10-003172 

9-B9682B   "    1 

56 

(4   9-0SI7S9 

10 

918211 

i               3 

10-003188 

9-996812    'l    4 

67 

(B   9-082797 

10 

917203 

:           0 

10-003203 

9-996797    '•     3 

58 

al   9-083^2 

10 

916168 

1                 0 

10-003218 

9  -996782     *     S 

69 

St   9 -084864 

10 

916136 

1                 2 

10-003234 

9-996766      !     1 

GO 

S8 

9-085891I"" 

10-914106 

J         i 

10-003249 

9-996751      "     ( 

Co-iiM.  1           1     Seant. 

Co-Ung.  1 

Co.«c«il.  -1 

S»c         m    . 

63  I 

)egTe 

M. 

511.  32m. 

TABLE    5. 
Logiritiimi6  Sines,  Tangents,  and  Secants^ 


80 


OL  28  m. 


0 

1 

2 

3 
4 

S 
6 
7 
8 
9 
JO 

n 

12 
13 
U 
15 
16 
17 
18 
19 

21 
22 

23 
24 

25 
26 
27 
28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 

55 
56 
57 
56 
89 
60 


0 
4 
8 

IS 
16 
30 
94 
18 
SS 
96 
40 

44 
48 
S9 
16 

as 

4 
6 

IS 
16 
SO 

S4 
S8 
SS 
S« 

40 
44 
4t 
5S 

56 

ao 

4 
8 

IS 
1< 
SO 
S4 
S8 
SS 
86 
40 

44 
48 
SS 
66 


4 
8 

If 
16 
SO 

S4 
SO 
SS 
96 
40 
44 
48 
SS 
56 


9-085894 
9*086922 
9-087947 
9-088970 
9-089990 
9-091008 
9-092024 
9-0930S7 
9 -094047 
9-095056 
9-096062 


Dif. 


9-097065 
9-098066 
9-099065 
9-100062 
9-101056 
9-102048 
9-105037 
9-104025 
9*105010 
9-105992 


9*106973 
9 -107951 
9*108927 
9-109901 
9-110873 
9-111842 
9-112809 
9-113774 
9-114737 
9-115698 


9  116656 
9-117613 
9-118^67 
9-119519 
9-120469 
9-121417 
9-122362 
9-123306 
9*124248 
9-125187 


9 
9 


9-126125 
9-127060 
127993 
128925 
9-129054 
9-130781 
9*131706 
9-132630 
9-133551 
9  -134470 


-135387 
-136303 
•137216 
•138128 
-139037 
-139944 
'140850 
-141754 
-142655 
•143555 


1713 
1709 
1704 
1700 
1696 
1692 
1688 
1684 
1680 
1676 

1673 
1668 
1666 
1661 
1657 
1653 
1649 
1645 
1642 
1638 

1634 
1630 
1627 
1623 
1619 
1616 
1612 
1608 
1605 
1601 

1597 
1594 
1590 
1587 
1583 
1580 
1576 
1573 
1569 
1566 

1562 
1559 
1556 
1552 
1549 
1545 
1542 
1539 
1535 
1532 

1529 
1525 
1522 
1519 
1516 
1512 
1509 
U06 
1503 
1500 


0*914106 
0-913078 
0-912053 
0  -911030 
910010 
'908992 
907976 
906963 
0*905953 
O -904944 
0*903938 


0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


902935 
901934 
900935 
699938 
898944 
897952 
896963 
895975 
094990 
'894008 


0-898027 
0-892049 
0*891073 
0-890099 
0-889127 
0*888158 
0-887191 
0-886226 
0  -885263 
0-884302 


0 
0 
0 
0 
0 
0 
0 
0 
0 


883344 
882387 
881433 
880481 
879531 
878583 
877638 
876694 
875752 


0  -874813 


to  -873875 
LO  -872940 
10-872007 
10*871075 
-870146 
-869219 
•868294 
•867370 
-866449 
-865530 


0 
0 
0 
0 
0 
0 


no 


•864613 
-863697 
-862784 
-861872 
-860963 
•860056 
0*859150 
0-858246 
0  •857345 
0-856445 


7  Degcees. 


089144 
090187 
091226 
092266 
093308 
-094336 
095367 
•096395 
097422 
098446 
099468 


00487 
01504 
02519 
03532 
04542 
05550 
06556 
07559 
08560 
09559 


10556 
11551 
12543 
13533 
14521 
15507 
16491 
17472 
18452 
19429 


20404 
21377 
22348 
23317 
24284 
25249 
26211 
127172 
28130 
29087 


30041 
30994 
31944 
32893 
33839 
34784 
35726 
36667 
37605 
38542 


39476 
40409 
41340 
42269 
43196 
44121 
45044 
45966 
46885 
47803 


Dig,  f  Ca4Mig. 


1738 
1735 
1731 
1727 
k«22 
1719 
1715 
1711 
1707 
1703 

1^99 
1695 
1691 
1687 
1684 
1680 
1676 
1672 
1669 
1665 

1661 
1658 
1654 
1650 
1647 
1643 
1639 
1636 
1632 
1629 

1625 
1622 
1618 
1615 
1611 
1608 
1604 
1601 
1597 
1594 

1591 
1587 
1584 
1581 
1577 
1574 
1571 
1567 
1564 
1561 

1558 
1555 
1551 
1548 
1545 
1542 
1539 
1535 
1532 
1529 


0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 


010856 
909813 
908772 
907734 
906698 
905664 
904633 
903605 
902578 
901554 
900532 


0-899513 
0  -898496 
0  -897481 
896468 
895458 
894450 
893444 
892441 
891440 
890441 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


889444 
888449 
887457 
886467 
885479 
884493 
883509 
882528 
0-881548 
0-880671 


0  -879596 
0  -878623 
0-877652 
0  -876683 
0-875716 
0-874751 
0  -873789 
10-872828 
0*871870 
0 -870913 


•869959 
•869006 
•868056 
•867107 
•866161 
'865216 
•864274 
•863333 
0  -862395 
0  -861458 


0  -860524 
-859591 
0 -858660 
0*857731 
0*856804 
0  -855879 
0*854956 
0  •854084 
-853115 
-852197 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


003249 
003265 
003280 
003296 
003312 
003327 
003343 
003359 
003375 
003390 
003406 


D. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


003422 
003438 
003454 
003470 
003486 
003502 
003518 
003535 
003551 
003567 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


003583 
003600 
003616 
003632 
003649 
003665 
003682 
003698 
003715 
003731 


0  003748 
0  -003765 
0-003781 
003798 
003815 
003832 
003849 
003866 
003883 
003900 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


003917 
003934 
003951 
003968 
003985 
004002 
004020 
004037 
004054 
004072 


0  004089 
0-004106 
0-004124 
0*004141 
0*004159 
0-004177 
0-004194 
•004212 
•004229 
•004247 


Co-aecant. 


27 
25 
27 
27 
25 
27 
27 
27 
25 
27 

27 
27 
27 
27 
27 
27 
27 
28 
27 
27 

27 
28 
27 
27 
28 
27 
28 
27 
28 
27 

28 
28 
27 
28 
28 
28 
28 
28 
28 
28 

28 
28 
28 
28 
28 
28 
30 
28 
28 
30 

28 
28 
30 
28 
30 
30 
28 
30 
28 
30 


Co-sme. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


-996751 
'996735 
996720 
996704 
996688 
996673 
996657 
996641 
996625 
996610 
996594 


996578 
996562 
996546 
996530 
996514 
996498 
996482 
996465 
996449 
996433 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


996417 
996400 
996384 
996368 
996351 
996335 
996318 
996302 
996285 
996269 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


996252 
996235 
996219 
996202 
996185 
996168 
996151 
996134 
996117 
996100 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


996083 
996066 
996049 
996032 
996015 
995998 
995980 
995963 
995946 
995928 


•995911 
•995894 
•995876 
•995859 
•995841 
•995823 
•995806 
•995788 
•995771 
•995753 


Sine. 


66 
53 
48 
44 
40 
86 
SS 
38 
34 
SO 

16 
13 

6 

4 

ai 

66 
53 
48 
44 
40 

36 
S3 
38 
34 
30 
16 
18 
8 
4 

ao 

66 
63 
48 
44 
40 
S6 
33 
38 
34 
30 

16 
13 
8 
4 
BO 
66 
68 
48 
44 
40 

86 
83 
38 
34 

30 

16 

13 

8 

4 

0 

• 


F 

60 
59 
58 
57. 
56 
55 
54 
53 
52 
51 

11 
49 
48 
47 
46 
45 
44 
43 
42 
41 

11 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30^ 

29 
26 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

II 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


N 


5h.  28m. 


83                                              TABLB    5. 

Lc^Brithmic  Sinea,  Tsngenta,  and  Secknti. 

Oh.  Om.                                    0  D^ree. 

~ 

m 

Sine. 

Diff. 

Co-wcant. 

T"F°t 

Diff.      Co.t«ig. 

Seotnt. 

D 

Co^ne.        ' 

0-000000 

Infinite. 

0-000000 

tofinlte. 

10 -000000 

iD-o«(maoi» 

G'4G372G 

S017I 

293495 
209231 
161317 
131966 
1U57B 
S6653 
85254 
76262 

13-536274 

6-463726 

50„1     13-536274 

10-000000 

10-owm  H  i) 

6-764756 

13  -235244 

6-764756 

29348 
20823 
16151 
131969 
111578 
96653 
85254 
76263 

13-235244 

10  000000 

10-00000  H  3* 

6-940847 

13-059153 

6 '940847 

13  ■059153 

loopoooo 

10-000900  <i  i: 

7  065780 

12-934214 

7-065786 

12-934214 

lO-OOOOOO 

io-oootM4<  a 

ID 

7-162696 

12-837304 

7-162696 

12-837304 

10-DOOOOO 

lO-OOOOM  tc  il 

7-241877 

12-7581-J3 

7-241878 

12-7S9123 

10-000001 

9-999»9  »  M 

ae 

7  -30BS24 

12-691176 

7  -309825 

12-691176 

10-000001 

9-99999!  M  U 

7-366816 

12-633184 

7-366917 

12-633183 

to '000001 

t-mmuii 

7-417869 

12-582032 

7-417970 

12-582030 

10  000001 

9-99999!  «  H 

10 

40 

7  -463726 

12-636274 

7-463727 

12  -536273 

10-000002 

u 

7-503118 

62981 
57936 
53641 
49938 
46714 
439BI 
41372 
39135 
37127 
35315 
33672 
32175 
30905 
29547 
28388 
27317 
26323 
25399 
24639 
23733 
22980 
22273 
21608 
20981 
20390 
1993 1 
19302 
18801 
18325 

12  -494883 

7  -505120 

62981 
57937 
53642 
49939 
46715 
43882 
41373 
39136 
37128 
35315 
33673 
32176 
30807 
29549 
28390 
27318 
26325 
2S401 
24540 
23735 
22982 
22275 
21610 
20983 
20392 
19833 
19305 
18803 
18327 
17975 
17444 
17034 

12-494990 

10  000002 

9-999998  K  » 

7-542906 

12-457094 

7-542909 

12-457091 

10-000003 

9-999997   ■>  4- 

13 

7 -577668 

12  -422332 

7-577672 

12-422329 

10-000003 

9-999997    i  <: 

5« 

7  -609853 

12-390147 

7  -609857 

19  -3901*3 

10-000004 

9-999996    l  «' 

1 

7 -639816 

12-360194 

7  -639820 

12-360180 

10-000004 

9-999996  «9  li 

7  -667815 

12-332155 

7-667849 

12-332151 

10-000005 

9-9999W  11  " 

7-694173 

12-305827 

7-694179 

12-306821 

10-000006 

IB 

7-718997 

12-281003 

7-719003 

12  280997 

10-000006 

9-999994   4i  *2 

7-74247B 

12-257522 

7  -742484 

13-257516 

10-000007 

9-99999S  tt  41 

20 

ID 

7-764754 

12-235246 

7-764761 

12-235239 

10-000007 

9-999993  "  •* 

7  ■7859-13 

12-214057 

7-785951 

12-214049 

10-000009 

9-999992  »  W 

22 

7  806146 

12-193854 

7  -806155 

12-193845 

10 -000009 

9-999991   »  !^* 

23 

7-825451 

12-174549 

7-825460 

12-174540 

10-000010 

S -999990  i»  y- 

21 

7  '843934 

13-156066 

7-843944 

12-166056 

lo-oeoou 

9 -999989  )•  » 

2S 

7-861662 

12-138338 

7-861674 

12-138326 

10-DOOOll 

9  -9999B9  «  Ji 

26 

7  -878695 

IS-121305 

7-873708 

12-121292 

10-000012 

9-9999B8  l*  M 

27 

7 -895085 

12-104915 

7  -895099 

12-104901 

10-000013 

9-999987   li  U 

2B 

7-910879 

12  -089121 

7-910894 

12-089106 

10-000014 

»-»99986    1  a 

29 

7-926119 

12-073881 

7  -926134 

12-073896 

10-000016 

9-«9998&    *  31 

30 

fl 

7  '940842 

12-059158 

7  -940859 

12-059142 

10-000017 

0-999983  UM 

li 

« 

7-9S5082 

12-044918 

7-955100 

12  044900 

10-000018 

9  999992  »  .1 

32 

« 

7-969870 

12-031130 

7-968889 

12-031111 

10-000019 

9-999981   IS  W 

33 

7  -982233 

12-017767 

7-992253 

12-017747 

lOOOOOW 

9-999990   .8  n 

34 

l< 

7 -995198 

12-004802 

7-995219 

12-004781 

10-000021 

9-999979  4*  M 

35 

10 

8-007787 

11  -992213 

8  007809 

11  -992191 

10 -000023 

9-999977   1*  » 

36 

8  -020021 

11  -979979 

8-020045 

11  -975955 

10-000024 

9-999976   H  34 

37 

8-031919 

11-968081 

8-031945 

11-969055 

IO-00002S 

« -999975    H  ^ 

38 

ti 

8-043501 

11  -956499 

9  -043527 

11-956473 

10-000027 

9-999973  m  H 

39 

30 

8-0547B1 

11  -945219 

8  -054809 

11-945191 

10-000028 

9-999972  U  21 

40 

8  -065776 

11-934224 

8  -065806 

11  -954194 

10-000029 

9-999971   »  M 

71 

B  -076500 

17441 
17031 
16639 
16265 
15908 
1&5C6 
15238 
14924 
14622 
14333 
14054 
13786 
13S29 
132B0 
13041 
12910 
19687 
12372 
12164 

11  -923500 

9  -076531 

11  -923469 

10-000031 

9-999969   l<  14 

42 

8-0BG965 

11  -913035 

8  -086997 

11-913003 

10-000032 

9-999»68   11  IS 

43 

8-097193 

11-902817 

8-097217 

11-902783 

10-000034 

9-999966     1  17 

44 

8-107167 

11-892833 

8-107202   ,*B^o 

11  -892796 

10-000036 

9-999964     4  16 

4b 

a 

8-116926 

11-883074 

8  116963 

15911 
15568 
1 624 1 
14927 
14625 
14336 
14057 
13790 
13532 
13294 
13044 
12814 
12591 
12376 
12168 

11-983037 

10-000037 

9-999963  W  li 

46 

8-126471 

11  -973529 

8-126SI0 

11-873490 

10-000059 

9-999961   M  14 

47 

9-135810 

11  -864190 

9-13S8&1 

11-864149 

10-000041 

« -999969   »  13 

4B 

6-144953 

11-855047 

8-144998 

11  -855004 

10-000042 

9-999968   4*  1! 

49 

8-153907 

11  -846093 

8-153952 

11-846048 

10'O0O044 

9-999966  4.   11 

80 

90 

8-162681 

11-837319 

8  162727 

11-837273 

10-000046 

9-999964   40  \t 

SI 

9-171280 

11-829720 

9-171329 

11-828672 

10-000048 

3 
3 

9  --'---:  «   s 

52 

8-179713 

U  -820287 

9-179763 

11-820257 

10-000050 

S            1  11   » 

S3 

8-187985 

11 -812015 

B -188036 

11-811964 

10-000063 

9            I  IS    ; 

54 

8-196102 

11 •803998 

8-1961S6 

11-803844 

10-000054 

9                       1     14       ( 

6b 

8  -204070 

11 -795930 

9-204126 

U -795874 

10 -000066 

S              .   to    t 

SB 

8-211895 

11-788105 

9-Z11963 

11  -788047 

ia-oooos8 

9              I   1«    4 

67 

8  -219581 

11-780419 

8-219641 

11  -780359 

10-000060 

9              1   11    3 

5e 

9-227134 

11  -772866 

8  227195 

11  -772886 

10 -000062 

9              111 

59 

I« 

8-234557 

11  -765443 

8-234621, 

11-765379 

10-OOOOM 

9                >      4     1 

i^ 

4 

8  241855 

11  -758  US 

8-341922 

I1-7S9078 

10 -000006  * 

9              1     0    « 

Co-nne. 

SccuL 

Co-Ung. 

Tuigent. 

*^  ir 

89  Degrees.                                   51i.  56m. 

TABLE  5. 
liOgarithniiG  Sines,  Tangents,  ud  Secants. 


VHP 


91 


Oh.  S6m. 


0 
t 

t 
s 

4 

6 
6 
7 

8 

9 

JO 

U 
IS 
IS 
14 
lb 
IS 
17 
16 
19 

21 
8S 
2S 
S4 
8S 
26 
27 


sa 
sT 

52 

S3 
34 

35 
36 

37 
58 
89 
«l 

41 
42 

45 
44 
45 

46 
47 
48 
49 

SI 

ss 

S5 
&4 
U 

&6 
57 

58 
59 


Si 

s 

IS 
IS 

so 
s« 

28 
S3 
S6 

40 

44 
4S 
6S 

se 

m 

4 
S 

ISJ 

16 

SO 

94 

is 
ss 
iS 

40 
44 
48 
SI 
16 


4 
8 
IS 
16 
SO 
S4 
SS 
IS 
96 
40 

44 
4S 
IS 
IS 

4 
S 
IS 
16 
SS 
94 

Is 

IS 
16 

•0 
44 
4S 
19 
16 
40 


*196332 
•195129 
•195925 
•1967 19 
•197511 
•198502 
'199091 
•199879 
•200666 
•201451 
•202254 

*203017 
•208797 
•204577 
•205354 
-206131 
•206906 
•207679 
•208452 
•209222 
•209992 


Diff. 


•210760 
•2U526 
•212291 
•213055 
•213818 
•214579 
•215338 
•216097 
•216854 
•217609 


•218363 
•219116 
•219868 
•220618 
-221367 
•222115 
•222861 
•223606 
•224349 
•225092 


•225833 

•226573 
•227311 
•228048 
•228784 
•229518 
•230252 
•230984 
•231715 
•232444 


-233172 
•233899 
•234625 
•235849 
•236073 
•236795 
237515 
-238235 
•238953 
•239670 


1328 
1326 
1323 
1321 
1318 
1316 
1313 
1311 
1308 
1306 

1304 
1301 
1299 
1296 
1294 
1292 
1289 
1287 
1285 
1282 

1280 
1278 
1275 
1273 
1271 
1268 
1266 
1264 
1261 
1259 

1257 
1255 
1253 
1250 
1248 
1246 
1244 
1242 
1239 
1237 

1235 
1233 
1231 
1228 
1226 
1224 
1222 
1220 
1218 
1216 

1214 
1212 
1209 
1207 
1205 
1203 
1201 
1199 
1197 
1195 


Co-seouit. 


10  -805668 
10*804871 
10*804075 
10  -803281 
10  -802489 
801698 
800909 
800121 
799334 
798549 
797766 


10 
10 
10 
10 
10 
10 


Tusgent- 


9  Degrees. 

Diff. 


10*796983 
10  -796203 
10  795423 
10*794646 
10*793869 
10-793094 
10*792321 
10-791548 
10-790778 
10  -790008 


10-789240 
10-788474 
10-787709 
10-786945 
10*786182 
10*785421 
10  *784662 
10*783903 
10*783146 
10*782391 


10*781637 
10*780884 
10  -780132 
10*779382 
10  -778633 
10  *777885 
10*777139 
10*776394 
10  -775651 
10-774908 


10*774167 
10  -773427 
10  *772689 
10*771952 
10-771216 
10*770482 
10*769748 
10-769016 
10-768285 
10  -767556 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•766828 
•766101 
•765375 
-764651 
•763927 
'763205 
-762485 
-761765 
-761047 
-760330 


9-199713 
9 -200529 
9 -201345 
9 -202159 
9 -202971 
9 -203782 
9 -204592 
9 -205400 
9  -206207 
9  207013 
9  *207817 


9  -208619 
9  -209420 
9-210220 
9-211018 
9*211815 
212611 
213405 
214198 
214989 
9*215780 


9 
9 
9 
9 


*216568 
-217356 
*218142 
•218926 
*219710 
*220492 
•221272 
-222052 
*222830 
-223607 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


224382 
225156 
225929 
226700 
227471 
228239 
229007 
229773 
230539 
231302 


9  -232065 
9  -232826 
9*233586 
9  *234345 
9*235103 
9  235859 
9  -236614 
9  -237368 
9-238120 
9 -238872 


9  -239622 
9-240371 
9-241118 
9-241865 
9 -242610 
9  -243354 
9 -244097 
9  -244839 
9  245579 
9*246319 


1361 
1359 
1356 
1354 
1352 
1349 
1347 
1345 
1342 
1340 

1338 
1335 
1333 
1331 
1328 
1326 
1324 
1321 
1319 
1317 

1315 
1312 
1310 
1308 
1305 
1303 
1301 
1299 
1297 
1294 

1292 
1290 
1288 
1286 
1284 
1281 
1279 
1277 
1275 
1273 

1271 
1269 
1267 
1265 
1262 
1260 
1258 
1256 
1254 
1252 

1250 
1248 
1246 
1244 
1242 
1240 
1238 
1236 
1234 
1232 


Co-tuig. 


Co-teng. 

80  Degrees. 


0-800287 
0-799471 
0-798655 
797841 
797029 
796218 
795408 
794600 
793793 
792987 
792183 


Secant. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


791381 
790580 
789780 
788982 
788185 
787389 
786595 
785802 
785011 
784220 


0 
0 
0 
0 
0 
0 


783432 
782644 
781858 
781074 
780290 
779508 
778728 
777948 
777170 
776393 


0-775618 
0-774844 
0-774071 
773300 
772529 
771761 
770993 
770227 
769461 
768698 


0 
0 
0 
0 
0 
0 


767935 
767174 
766414 
765655 
764897 
764141 
0-763386 
0-762632 
0-761880 
0-761128 


0*7603781 

0-759629  J 

0-7588821 

0-758135  I 

0-757390 

0-756646 

0*755903 

0-755161 

0-754421 

0-753681 


0  -005380 
0  -005400 
0. 005420 
0  -005440 
0  -005460 
0  *005481 
0  -005501 
0-005521 
0  -005541 
0-005562 
0  -005582 


0*005602 
0  *005623 
0  -005643 
005664 
005684 
005705 
005726 
0  -005746 
0  005767 
0  -005788 


D. 


0 
0 
0 
0 


0 -005809 
0*005829 
0 -005850 
0  -005871 
0*005892 
0  -005913 
0  -005934 
0.005955 
0  *005976 
0  -005997 


0 -006018 
0-006040 
0 -006061 
0  -006082 
0  -006103 
0-006125 
0  -006146 
0 -006168 
0  -006189 
0-006211 


0  -006232 
0*006254 
0 -006275 
0  -006297 
0-006319 
0  -006340 
006362 
006384 
006406 
006428 


0 
0 
0 
0 


-006450 
•006472 
•006494 
•006516 
-006538 
•006560 
•006582 
•006604 
0  -006626 
0  -006649 


Tugeat.  I  Co-4eant. 


33 
33 
33 
33 
35 
33 
33 
33 
35 
83 

33 
35 
33 
35 
.33 
35 
35 
33 
35 
35 

35 
33 
35 
35 
35 
35 
35 
35 
35 
35 

35 
37 
35 
35 
35 
37 
35 
37 
35 
37 
35 
37 
35 
37 
37 
35 
37 
37 
37 
37 

37 
37 

37 
37 
37 
37 
37 
37 
37 
38 


Co-ahie. 


9  •994620 
9 '994600 
9 -994580 
9  -994560 
9  -994540 
9  *994519 
9  -994499 
9  -994479 
9  -994459 
9  -994438 
9*994418 


9 -994398 
9  -994377 
9 -994357 
9  -994336 
9  -994316 
9  -994295 
9  *994274 
9 -994254 
9  -994233 
9  -994212 


9-994191 
9*994171 
9*994150 
9  -994129 
9  -994108 
9  -994087 
9  -994066 
9  -994045 
9 -994024 
9  -994003 


•993982 
•993960 
•993939 
•993918 
•993897 
9 -993875 
9  -993854 
9 -993832 
9-993811 
9 -993789 


993768 
993746 
993725 
993703 
993681 
993660 
993638 
9  -993616 
9  -993594 
9  *993572 


56 
89 
48 
44 
40 
16 
SS 
S8 
S4 
SO 

16 

19 

6 

4 

sa 

88 
89 

48 
44 

40 

18 
IS 
98 
94 

90 

18 

19 

8 

4 


9*993550 
9  -993528 
9  *993506 
9  -993484 
9  -993462 
9  -993440 
9-993418 
9  -993396 
9  -993374 
9  -993351 


68 
69 
48 
44 
40 
18 
89 
98 
94 
90 

18 

19 

8 

4 

ai 

58 
62 
48 
44 

40 


60 
59 
58 
57 
56 
55 
54 
53 
58 
51 

51 
49 

48 

47 
46 
45 
44 
43 
42 
41 

11 

39 

38 

37 

36 

35 

34 

33 

82 

31 

?1 
29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


TABLE  5. 
Logandunic  Sines,  Tmgeats,  and 


Oh.  40m. 


Sine.   0iff.I  Co-ncant 


9  -239670 
9*240386 
9-241101 
9*241814 
9  -242526 
9  -243237 
9-243947 
9  -244656 
9  -245363 
9 -246069 
9-246775 


9 -247478 
9-248181 
9 -24888S 
9-249583 
9 -250282 
9 -250980 
9-251677 
9  252373 
9  -253067 
9  -253761 


10  -7603S0 
10-759614 
10-758899 
10-758186 
10-757474 
10-756763 
10-756053 
10-755344 
10-754637 
10-753931 
10-753225 


9 -254453 
9-255144 
9  -255834 
9 -256523 
9  257211 
9  -257898 
9  -258583 
9-259268 
9-259i)5l 
I  9-:.V»0eV$3 

^  I  r^?!i!lf  I  U33 


10  -752522 

10-751819 
10-751117 
10-750417 
10*749718 
10-749020 
10-748323 
10*747627 
10*746933 
10-746239 


10  purees. 


Tangent. 


10  '745547 
10*744856 
10*744166 
10-743477 
10-742789 
10-742102 
10-741417 
10*740732 
10*740049 
10*739367 


^.V>\M»CV  .111* 


It     **•   ».M» 


nil 

uio 

noj< 

\\m\ 

no.i 
,  uoi 

\\\'^ 

W^\ 
hKN4 


,10*738686 
10*738006 
10-737327 
10*736649 
10*735973 
10  -735297 
10  734623 
10-733949 
10-733277 
10^^2605 

*ld -731935 
10*731206 
10-730598 
10*72imi 
10*729265 
10-71'HaoO 
10-727936 
10:27274 
10 -7:^.612 
10  7-\V.KM^ 

10  7)24(^13 
10 -7^3975 
10-7v»vWI9 
10  ?^.MU»3 

10  7v»^>09 

I0';;ix\5 
10  ;i.'o:iu 

10  7  '\UK\J 


9 -246319 
9  -247057 
9  -247794 
9 -248530 
9 -249264 
9  -249998 
9  -250730 
9 -251461 
9-252191 
9  -252920 
9  253648 


9 -254374 
9 -255100 
9  *255824 
9*256547 
9 -257269 
9  257990 
9-258710 
9  259429 
9  260146 
9  *260863 


9*261578 
9 -262292 
9  263005 
9-263717 
9  264428 
9  -265138 
9  265847 
9  -266555 
9 -267261 
9  -267967 


-268671 
'269375 
■270077 
'270779 
•271479 
•272178 
9  -272876 
9 '273573 
9  274269 
9-274964 


9 

9 
9 
9 
9 
9 


9  -275658 
9-276351 
9  -277043 
9  -277734 
9  -278424 
9-279113 
9  279801 
9  *2804d8 
9-281174 
9*281858 

9  -282542 
9  -2^3225 
9  -2S3907 
9 -284588 
9  *2S520»8 
9 -2^5947 
9 -286624 
9-2S7301 
9'2Sri>77 

9  'sjsMu.saJ 


Diir. 


1230 
1228 
1226 
1224 
1222 
1220 
1218 
1217 
1215 
1213 

1211 
1209 
1207 
1205 
1203 
1201 
1200 
1198 
1196 
1194 

1192 
1190 
1189 
1187 
1185 
1183 
1181 
1179 
1178 
1176 

1174 
1172 
1170 
1169 
1167 
1165 
1164 
1162 
1160 
1158 

1157 
1155 
1153 
1151 
1150 
1148 
1146 
1145 
1143 
1141 

1140 

1138 

1136 

1135 

1133 

1131 

1130 

1128 

1126 

1125 


10  -753681 
10-752943 
10-752206 
10*751470 
10  -750736 
10 -750002 
10*749270 
10-748539 
10  -747809 
10*747080 
10*746352 


f 


Co-tmg.  I  Secant. 


10. 745626 
10-744900 
10-744176 
10-743453 
10-742731 
10-742010 
10  -741290 
10-740571 
10-739854 
10  -739137 


10-738422 
10  -737708 
10  -736995 
10-736283 
735572 
7H862 
734153 
733445 
732739 


10 
10 
10 
10 
10 


10  -732033 


10 
10 
10 
10 
10 
10 
10 
10 
10 


•731329 
•730625 
•729923 
-729221 
-728521 
-727822 
'727124 
'726427 
•725731 


10  -725036 


10 
10 
10 
10 
10 
10 
10 
10 

la 

10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10  -724342 
10-723649 
10-722957 
10*722266 
10*721576 
720887 
720199 
719512 
718826 
718142 


10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10-717458 

10-716775 

10  -716093 

10-715412 

10*714732 

10*714053 

10-713376 

10-712699 

10-712023 

10-711348 

TWugeoL  I  Co^^eoBnt. 


10 
10 
10 
10 
10 
10 
10 
10 
10 


006649 
006671 
006693 
006715 
006738 
006760 
006783 
006805 
006828 
0068S1 
006873 


006896 
006919 
006941 
006964 
006987 
007010 
007033 
007056 
007079 
007102 


007125 
007148 
007171 
007194 
007217 
007241 
007264 
007287 
007311 
007334 


D. 


007357 
007381 
007404 
007428 
007451 
007475 
007499 
007522 
007546 
007570 


007594 
007618 
007642 
007665 
007689 
007713 
007737 
007761 
007786 
007810 


007834 
007858 
007882 
007907 
007931 
007956 
007980 
008004 
008029 


10  008053 


87 
37 
33 
37 
37 
36 
37 
38 
38 
37 

38 
38 

37 

38 
38 
38 
38 
38 
38 
38 

38 
38 

38 
38 
38 
40 
38 
38 
38 
40 

88 

40 
38 
40 
38 
40 
40 
38 
40 
40 

40 
40 
38 
40 
40 
40 
40 
40 
42 
40 

40 
40 
40 
42 
40 
42 
40 
40 
42 
40 


9«9933ftlM 

9-9933a|f| 

9*993807  II 

9*999SU 

9-993261 

9-993240 

9-993217 

9-993195 

9'993172|tt 

9-993149|m 

9-993127  M 

II 

IS 


» 


9 -993104 
9-993081 
9'9930&9 
9  •993030 
9-993011 
9-992990 
9-992967 
9-992944 
9-992921 
9-992898 


u 

44 
41 

SIJ&4 
ll|» 

a 

4$ 
4; 
46 
4& 


9-992875 
9-992852 
9-992829 
9-992806 
9-992783 
9-992759 
9-992736 
9*992713 
9-992690 
9  992666 


9-992643 
9-999619 
9-992196 
9-992572 
9-992549 
9-992525 
9-992501 
9-992478 
9  '992454 
9-992439 


9-992406 
9-992382 
9-992358 
9-992335 
9-992311 
9-992287 
9*992263 
9  -992239 
9  -992214 
9 •992190 


9  -992166 
9  -992142 
9-992118 
9*992093 
9-992969 
9  992044 
9-992020 
9-991996 
9-M1971 
9*991947 


M 
M 
48 
44 
«• 

SI 
SI 
II 
14 

SO 

II 

IS 

I 

4 
18 

M 
iS 
46 

44 

40 

ts 

SI 
S8 

Si 

so 

10 

is 

0 

4 
17 
10 

IS 

40 
44 

40 

SI 

ss 

91 
14 

SO 

16 

IS 

0 

4 
0 


44 

43 
42 
41 

» 

38 
11 
34 
35 
34 
33 
3i 
SI 
30^ 

29 
»l 
27 
26 
25 
24 
23 
22 
21 
W^ 

19 
16 
U 
10 
15 
14 
13 
12 
U 

il 
9 
8 
7 
6 
8 
4 
3 
t 
1 
0 


79    Dl^glXHiS. 


5h.  I6m« 


TABLE    5. 
Iiogaritiimie  Sines,  Tangents,  and  Secants. 


Oh.  44  m. 


11  Degrees. 


0 
1 
t 
S 

4 

& 
6 
7 
8 
9 

12. 

u 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 

32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

i£ 

51 

52 
53 

54 
55 
56 
57 
58 
59 
€0 


■ 

4 

• 

IS 

16 

as 

S4 

ss 
as 
ss 

40 

44 
4S 
SS 

as 


4 
8 

la 

16 

ao 

a4 
as 
as 
>6 

40 
44 
48 

sa 

96 


4 
8 

IS 
16 

ao 
a4 
as 
sa 

86 

40 

44 

48 

sa 

56 


4 
8 

la 

IS 

ao 

84 

as 
as 

86 

40 
44 
48 
52 
56 


9 
9 
9 
9 


S90599 
881248 
281897 
282544 
9  •283190 
9-283836 
9-284480 
9-285124 
9  -285766 
9-286408 
9 -287048 


9-287688 
9-288326 
9-288964 
9-289600 
9*290286 
9-290870 
9-291504 
9-292137 
9  -292768 
9  -893399 


9«294029 
9*294658 
9*895286 
9-29S913 
9-2965S9 
9«8971#4 
9-297788 
9*298412 
9-299034 
9-299655 


9-300276 
9 '300895 
9-301514 
9  -302132 
9-302748 
9-303364 
9-303979 
9-304593 
9-305207 
9-305819 


9-306430 
9-307041 
9  -307660 
9*308259 
9-308867 
9  »3094f 4 
9-810080 
9-310685 
9-311289 
9-311893 


9  -312495 
9 •313097 
9  •313698 
9-314297 
9*814897 
9-315495 
9-316092 
9  -318689 
9*817284 
9*317879 


Diff. 


082 
081 
079 
077 
076 
074 
072 
071 
069 
067 

066 
064 
063 
061 
059 
058 
056 
054 
053 
051 

050 
048 
046 
045 
043 
042 
040 
039 
037 
036 

034 
032 
031 
029 
028 
026 
025 
023 
022 
020 

019 
017 
016 
014 
013 
Oil 
010 
008 
007 
006 

004 
003 
001 
000 
998 
997 
996 
994 
993 
991 


GOHMXMttlt. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


719401 
718752 
718103 
717456 
716810 
716164 
715520 
714876 
714234 
713592 
712952 


712312 
711674 
711036 
710400 
709764 
709130 
708496 
707863 
707232 
706601 


705971 
705342 
704714 
704087 
703461 
702836 
702212 
701588 
700966 
700345 


699724 
699105 
698486 
697868 
697252 
696636 
696021 
695407 
694793 
694181 


693570 
692959 
692350 
691741 
691133 
690526 
689920 
689315 
688711 
688107 


687505 
686903 
686302 
685703 
685103 
684505 
^83908 
683311 
682716 
682121 


Tragmt. 


I  Secantt 


288652 
289326 
289999 
290671 
291342 
292013 
292682 
293350 
294017 
294684 
295349 


296013 
^96677 
297339 
298001 
298662 
299322 
299980 
300638 
301295 
301951 


302607 
303261 
303914 
304567 
305218 
305869 
306519 
307168 
307815 
308463 


309109 
309754 
310398 
311042 
311685 
312327 
312967 
313608 
314247 
314885 


315523 
316159 
316795 
317430 
318064 
318697 
319329 
319961 
320592 
321222 


321851 
322479 
323106 
323733 
324358 
324983 
325607 
326231 
326853 
327475 


Go-taag. 


Diff. 


1123 
1122 
1120 
1118 
1117 
1115 
1114 
1112 
1111 
1109 

1107 
1106 
1104 
1103 
1101 
1100 
1098 
1096 
1095 
1093 

1092 
1090 
1089 
1087 
1086 
1084 
1083 
1081 
1080 
1078 

1077 
1075 
1074 
1073 
1071 
1070 
1068 
10i57 
1065 
1064 

1062 
1061 
1060 
1058 
1057 
1055 
1054 
1053 
1051 
1050 

1048 
1047 
1045 
1044 
1043 
1041 
1040 
1039 
1037 
1036 


Cootang. 


10*711348 
10-710674 
10*710001 
10-709329 
10  -708658 
10  -707987 
10  *707318 
10-7()6650 
10-70^983 
10-705316 
10-704651 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


703987 
•703323 
-702661 
-701999 
'701338 
*700678 
-700020 
-699362 
-898705 
-698049 


S^ecuit.  ID. 


Go-ane. 


10 -697393 
10-696739 
10-696086 
10-696433 
10-694782 
10*694131 
10 -693481 
10-692832 
10 -692185 
10-691537 


10-690891 
10-690246 
10 -689602 
10-688958 
10*688315 
10  -687673 
10 -687033 
10-686392 
10 -685753 
10-685115 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


684477 
683841 
683205 
682570 
681936 
681303 
680671 
680039 
679406 
678778 


10-678149 
10*677521 
10  -676894 
10 -676267 
10  -675642 
10-675017 
10  -674393 
10*673769 
10 -673147 
10  -672525 


Tbngent. 


008053 
008078 
008103 
008127 
008152 
008177 
008201 
008226 
008251 
008276 
008301 


009092 
009118 
009145 
009171 
009197 
009223 
009250 
009276 
009303 
009329 


009355 
009382 
009409 
009435 
009462 
009489 
009515 
009542 
009569 
00959G 


008326 
008351 
008376 
008401 
008426 
008451 
008476 
008502 
008527 
008552 


008578 
008603 
008628 
008654 
008679 
008705 
008730 
008756 
008782 
008807 


008833 
008859 
008885 
008910 
008936 
008962 
008988 
009014 
009040 
009066 


42 
42 
40 
42 
42 
40 
42 
42 
42 
42 

42 
42 
42 
42 
42 
42 
42 
43 
42 
42 

43 
42 
42 
43 
42 
43 
42 
43 
43 
42 

43 
43 
43 
42 
43 
43 
43 
43 
43 
43 

43 
43 
45 
43 
43 
43 
45 
43 
45 
43 

43 
45 
45 
43 
45 
45 
43 
45 
45 
45 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9^ 

9 
9 
9 
9 
9 
9 
9 
9 
9 

r 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9_ 

9 
9 
9 
9 
9 
9 
9 
9 
9 
£ 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9^ 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


991947 
991922 
991897 
991873 
991848 
991823 
991799 
991774 
991749 
991724 
991699 

991674 
991649 
991624 
991599 
991574 
991549 
991524 
991498 
991473 
991448 

991422 
991397 
991372 
991346 
991321 
991295 
991270 
991244 
991218 
991193 

991167 
991141 
991115 
991090 
991064 
991038 
991012 
990986 
990960 
990934 

990908 
990882 
990855 
990829 
990803 
990777 
990750 
990724 
990697 
990671 

'990645 
-990618 
•990591 
•990565 
•990538 
•990511 
•990485 
•990458 
•990431 
•990404 

Sine. 


TABLE  6. 
Logaritliinic  Sines,  Tangents^  and  Secants. 


0 
1 

2 
3 
4 

5 
6 

7 
8 
9 

i£ 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
JO^ 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
67 
58 
59 
60 


Ob.  16ui. 


I 

0 

4 

8 

12 

IG 

SO 

34 

3$ 

S3 

36 

40 

44 
48 
52 
56 
17 
4 
8 
12 
16 
20 

34 
38 
82 
36 
40 
44 
48 
52 
56 
18 

4 
8 
12 
16 
20 
34 
28 
S3 
36 
40 

44 
48 
52 
56 
19 
4 
8 
12 
16 
30 

24 
28 
S3 
36 
40 
44 
48 
63 
56 

ao 


Sine. 


8  -843585 
8  -845387 
8-847133 
8-848971 
8  -850751 
8  -852525 
8-851291 
8-856019 
8-857801 
8'8595t6 
8 -8612^3 


8 -86^014 
8-864738 
8  -866455 
8-868165 
8  -869868 
8-871565 
8 -873255 
8  -874938 
8  -876615 
8-8782B5 


8-87D949 
8  -881607 
8  -683258 
8  -884903 
8  -886542 
8-888174 
8  -889801 
8-891421 
8  -893035 
8  -894643 


8-896216 
8  -897842 
8  -899432 
8-901017 
8 -902596 
8-904169 
8  -905736 
8  -907297 
8  -908853 
8-010404 


8-911949 
8-913488 
8-915022 
8-916550 
8-918073 
8-919591 
8-921103 
8  -922610 
8 -921112 
8  -925609 


8  -927100 
8  -928587 
8  -930068 
8*931544 
8  -933015 
8  -934481 
8  -935842 
8  -937398 
8  -938850 
8  -940296 


Co-sine. 


tiffTf 


4  Degrees. 


Diif.    Co-secant. 


3005 
2992 
2980 
2967 
2955 
2943 
2931 
2919 
2908 
2896 

2884 
28  7  J 
286] 
2850 
2839 
2828 
2817 
2806 
2795 
2784 

2773 
2763 
2752 
2742 
2731 
2721 
2711 
2700 
2690 
2680 

2670 
2660 
2651 
2641 
2631 
2622 
2612 
2603 
2593 
2584 

2575 
2566 
2556 
2547 
2538 
2529 
2520 
2512 
2503 
2494 

2486 
2477 
2469 
2460 
2452 
2443 
2435 
2427 
2419 
2411 


I5&415 
154613 
152817 
151029 
149249 
147475 
145709 
143951 
142199 
140454 
138717 


136986 
135262 
133545 
131835 
130132 
128435 
126745 
125052 
123385 
121715 


120051 
118393 
116742 
115097 
113458 
111826 
110199 
108579 
106965 
105357 


103754 
102158 
100568 
098983 
097404 
095831 
094264 
092703 
091147 
089596 


088051 
086512 
084978 
083450 
081927 
080409 
078897 
077390 
075888 
074391 

072900 
071413 
069932 
068456 
066985 
065519 
064058 
062602 
061150 
059704 


Secant. 


Tangent. 


8 -844644 
8  -846455 
8 -848260 
8 -850057 
8-851816 
853628 
855403 
857171 
858932 
860686 
862133 


Diff. 


8 
8 
8 
8 
8 
8 
8 
8 
8 


861173 
865906 
867632 
869351 
871064 
872770 
874469 
876162 
877849 


8  -879529 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


881202, 

882869 

884530 

886185 

887833 

889476 

891112 

892742 

'894366 

'895984 


8  -897596 
8  -899203 
8  -900803 
902398 
903987 
905570 
907147 
908719 
910285 
911846 


8-913401 
8-914951 
8-916495 
8  -918034 
8-919568 
8-921096 
8  -922619 
8-924136 
8  -925649 
8-927156 


928658 
930155 
931647 
933134 
934616 
936093 
937565 
939032 
8  -940494 
8-94195^ 


3019 
3007 
2995 
2982 
2970 
2958 
2946 
2935 
2923 
2911 

2900 
2888 
2877 
2866 
2854 
2843 
2832 
2821 
2811 
2800 

2789 
2779 
2768 
2758 
2747 
2737 
2727 
2717 
2707 
2697 

2687 
2677 
2667 
2658 
2648 
2638 
2629 
2620 
2610 
2601 

2592 
2583 
2574 
2565 
2556 
2547 
2538 
2530 
2521 
2512 

2503 
2495 
2486 
2478 
2470 
e46l 
2453 
2445 
2437 
2429 


Co-tang. 


Co-tang. 


155356 
153545 
151740 
149943 
148154 
146372 
144597 
142829 
141068 
139314 
137567 


Secant.   D. 


135827 
134094 
132368 
130649 
128936 
127230 
125531 
123838 
122151 
120471 


118798 
H7131 
115470 
113815 
112167 
110524 
108888 
107258 
105634 
104016 


102404 
100797 
099197 
097602 
096013 
094430 
092853 
091281 
089715 
088154 


086599 
085049 
083505 
081966 
080432 
078904 
077381 
075864 
074351 
072844 


071342 
069845 
068353 
066866 
065384 
063907 
062435 
060968 
059506 
05*8048 


Tangent. 


10  -001059 
10  -001068 
10-001077 
10  -001086 
10-001095 
10-001104 
10-001113 
10-001122 
10-001131 
10-001140 
10-001149 


10 
10 
10 
10 
10 
10 
10 
10 
10 


001159 
001168 
001177 
001187 
001196 
001205 
001215 
001€24 
001234 


1&-001243 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


001253 
001262 
001272 
001282 
001292 
001301 
001311 
001321 
001331 
001341 


10 -001351 « 

10-001361 

10-001371 

10-001381 

10-001391 

10*001401 

10-001411 

10-001422 

10-001432 

10  -001442 


10-001452 
10  -001463 
10-001473 
10-001484 
10-001494 
10-001505 
10-001515 
10  -001526 
10  001536 
10-001547 


10-001558 
10  -001569 
10-001579 
10  -001590 
10  001601 
10-001612 
10-001623 
10-001634 
10  -001645 
10-001656 


Co-secant. 


15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

17 
15 
15 
17 
15 
15 
17 
15 
17 
15 

17 
17 
15 
17 
17 
15 
17 
17 
17 
17 

17 
17 
17 
17 
17 
17 
17 
18 
17 
17 

17 
18 
17 
18 
17 
18 
17 
18 
17 
18 

18 

18 

17 

18 

18 

18 

18 

18 

18, 

18 


Co-sine. 


48 
44 
40 
96 


9  -998941 
9-998932  ft€ 
9-998920  ss 
9-998914 
9 -998905 
9 -998896 
9-99888; 
9 -998878  91 
9-998869  SS 
9  -998860  u 
9-998851  io 

16 
13 

8 
4 
49 
56 
53 
48 
44 
40 

96 
92 
28 
34 

30 

16 

IS 

8 

4 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


'998841 
998832 
998823 
998813 
998804 
998795 
998785 
998776 
998766 
998757 


9 -998747 
9 -998738 
9 -998728 
9 -998718 
998708 
998699 
998689 
998679 
998669 
998659 


9  -998649 
9 -998639 
9 -998629 
9  -998619 
9 -998609 
9 -998599 
9 -998589 
9 -998578 
9 -998568 
9  998558 


9  -998548 
9  -998537 
9  -998527 
9-9985i6 
998506 
996495 
998485 
998474 
998464 
998453 


9 
9 
9 
9 
9 
9 


9 -998442 
9 -998431 
9 -998421 
9-998410 
9  ^998399 
9 -998388 
9 -998377 
9  -998366 
9  -998355 
9  -998344 


Sine. 


56 
53 

48 
4« 
40 
36 
92 
38 
94 
30 

16 
IS 
8 
4 
41 
56 
S3 
48 
44 
40 

36 
9S 
98 

24 

20 
U 
12 
8 
4 
0 
■ 


60 
59 

58 

'^ 
53 
51 

^ 
52 
i\ 

J9 
4S 
47 
46 
41 
44 
45 
42 
41 

11 
59 

3d 

37 

36 

3j 
54 
33 
32 
31 
30^ 

29 
2i 
27 
26 
25 
21 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
II 

ii 
9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


85  Degrees. 


5h.  40m. 


«■ 


TABLE    & 
Logarillunic  Sines^Tangenta,  ttnd  Secanto* 


85 


Oh.  52m. 


• 

0 
4 
8 
11 
16 
90 
94 
98 
B|s9 
9  86 


0 
1 
2 
3 
4 
5 
6 
7 


Sine. 


]1 
11 

12 
13 
14 
IS 
16 
17 
18 
19 
20 


40 

44 
48 
59 
88 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
36 
36 
37 
38 
39 
10 


II 
12 
13 
M 
15 
16 
17 


4 

8 
19 
18 
90 

94 
98 

89 
88 

40 
44 
48 
S9 

56 

54 

4 
8 
19 
16 
90 
94 
98 
89 
88 
40 

44 

48 
59 

56 


9  -352088 
9  -352635 
353181 
353726 
354271 
354815 
9  '355358 
9  -355901 
9  -356443 
9  -356984 
9-357524 


9 
9 
9 
9 


4 

8 

19 

16 

90 

94 
98 
89 
86 

40 
44 
4M 
5S 
9ft 


9 -358064 
9  -358603 
9-359141 
9 -359678 
9-910215 
9  -360752 
9  -361287 
9  -361822 
9-362356 
9  -362889 


Diff. 


9-363422 
9-363954 
9 -364485 
9-365016 
9  365546 
9-366076 
9-366604 
9-367131 
9-367659 
9-368185 


9 -368711 
9-369236 
9  -369761 
9-37d285 
9-370808 
9-371330 
9 -371852 
9  -372373 
9  -372894 
9  -373414 


9  -373933 
9  '374452 
9  -374970 
9  -375487 
9  -376003 
9  -376519 
9  '377035 
9  -377549 
9-378063 
9  -378577 


9-379089 
9-379601 
9-380113 
9-380624 
9  381134 
9  -381643 
9  -382152 
9  -382661 
9.383168 
9  -383675 


911 
910 
909 
908 
907 
905 
904 
903 
902 
901 

899 
898 
897 
896 
895 
853 
892 
891 
890 
889 

888 
887 
8.85 
884 
883 
882 
881 
880 
879 
878 

876 
875 
874 
873 
872 
871 
870 
869 
867 
866 

865 
864 
863 
868 
861 
860 
859 
858 
857 
856 

854 
853 
852 
851 
850 
849 
848 
847 
846 
845 


13  Degreea. 


Co»aacmt.  |  Trngent. 


10-647912 
10-647365 
10 -646819 
10  -646274 
10-645729 
10-645185 
10  -644642 
10  -644099 
10  -643557 
10-643016 
10-642476 


10-641936 
10-641397 
10  -640859 
10  -640322 
10  -639785 
10  -639248 
10-638713 
10-638178 
10-637644 
10-637111 


9-363364 
9  -363940 
9  364515 
9  -365090 
9  -365664 
9  -366237 
366810 
367382 
367953 
368524 
369094 


9  -369663 
9  -376232 
9  -370799 
9-371367 
9-371933 
9  -372499 
9  '373064 
9  -373629 
9  -374193 
9  -374756 


10  -636578 
10  -636046 
10*635515 
10 '634984 
10  -634454 
10-633925 
10  -633396 
10  -632869 
10-632341 
10-631815 


10-631289 
10  '630764 
10  -630239 
10 '629715 
10  -629192 
10 -628670 
10  '628148 
10 '627627 
10 '627106 
10 -626586 


9  -375319 
9  -375881 
9  -376442 
9-377003 
9 -377563 
9 -378122 
378681 
379239 
379797 
380354 


9 
9 
9 
9 


9 
9 
9 
9 
9 


380910 
381466 
382020 
382575 
383129 
9  -383682 
9  -384234 
9  -384786 
9-385337 
9  -385888 


10 -626067 
10  -625548 
10-625030 
10-624513 
10-623997 
10  -623481 
10-622965 
10 -622451 
10  -621937 
10-621423 


10-620911 
10-620399 
10-619887 
10-619376 
10-618866 
10  -618357 
10-617848 
10-617339 
10*616832 
10-616325 


9  -386438 
9  -386987 
9  -387536 
9  -388084 
9.388631 
9-389178 
9 -389724 
9  -390270 
9  -390815 
9  -391360 


Diff. 


9  -391903 
9  -392447 
9-392989 
9  -393531 
9  -394073 
9  -394614 
9  -395154 
9  -395694 
9  -396238 
9-396771 

Ca-taag. 


960 
959 
958 
957 
955 
954 
953 
952 
951 
950 

949 
948 
946 
945 
944 
943 
942 
941 
940 
939 

938 
937 
935 
934 
933 
932 
931 
930 
929 
928 

927 
926 
925 
924 
923 
922 
921 
920 
919 
918 

917 
916 
914 
913 
912 
911 
910 
909 
908 
907 

906 
905 
904 
903 
902 
901 
900 
899 
898 
897 


Co«tang. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


636636 
636060 
635485 
634910 
634336 
633763 
633190 
632618 
632047 
631476 
630906 


63033^ 
629768 
629201 
628633 
628067 
627501 
626936 
626371 
625867 
625244 


624681 
624119 
623558 
622997 
622437 
621878 
621319 
620761 
620203 
619646 


619090 
618534 
617980 
617425 
616871 
616318 
615766 
615214 
614663 
614112 


613562 
613013 
612464 
611916 
611369 
610822 
610276 
609730 
609185 
608640 


608097 
007558 
607011 
606469 
605927 
605386 
604846 
604306 
603767 
603929 


^■ngrnil. 


Secant. 


011276 
011305 
011334 
011364 
011393 
011422 
011452 
011481 
011511 
011540 
011570 


011599 
011629 
011658 
011688 
011718 
011748 
011777 
011807 
011837 
011867 


011897 
011927 
011957 
011987 
012017 
012047 
012078 
012108 
012138 
012168 


012199 
012229 
012260 
012290 
012321 
012351 
012382 
012412 
012443 
012474 


012504 
012535 
012566 
012597 
012628 
012659 
012690 
012721 
012752 
012783 


012814 
012845 
012876 
012908 
012039 
012970 
013002 
013033 
018064 
013096 


D. 


48 
48 
50 
48 
48 
50 
48 
50 
48 
50 

48 
50 
48 
50 
50 
50 
48 
50 
50 
50 

50 
56f 
50 
50 
50 
50 
52 
50 
50 
50 

52 
50 
52 
50 
52 
50 
52 
50 
52 
52 

50 
52 
52 
52 
52 
52 
52 
52 
52 
52 

52 
52 
52 
53 
52 
52 
53 
52 
52 
53 


Co-fiiie. 


988724 
988695 
988666 
988636 
988607 
988578 
988548 
988519 
988489 
988460 
988430 


988401 
988371 
988342 
988312 
988282 
988252 
988223 
988193 
988163 
988133 


988103 
988073 
988043 
988013 
987983 
987953 
987922 
987892 
987862 
987832 


987801 
987771 
987740 
987710 
987679 
987649 
987618 
987588 
987557 
987526 


987496 
987485 
987434 
987403 
987372 
987341 
987310 
987279 
987248 
987217 

987186 
987155 
987124 
987092 
987061 
987030 
986998 
986967 
986936 
986904 


frn 


56 
89 
48 
44 
40 
88 
89 
98 
94 
90 

16 
19 
8 
4 
7 
56 
5) 
48 
44 
40 

88 
89 
98 
94 

90 

16 

19 

8 

4 
6 

56 
59 
48 

44 
40 
88 
89 

98 
94 

90 

16 
18 
8 
4 
6 
56 
59 
48 
44 
40 

86 
89 
98 
94 

90 
16 
19 

8 
4 
0 

• 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 

38 

37 

36 

35 

34 

33 

32' 

31 

30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
16 
14 
13 
12 
11 

il 
9 
8 
7 
6 
5 
4 
3 
8 
1 
0 


06 


TABLB    (i. 
Lognrithmic  Sines,  Tangent 


Olu  56m. 


14  Degrees. 


-383675 
•3S4182 
-384687 
•383192 
-385697 
•386201 
-386704 
-387207 
•387709 
-388210 
•388711 


-38^11 
•389711 
-390210 
•390708 
-391206 
-391703 
•392199 
-392695 
-393191 
-393685 


9 


•394L79 
•394673 
-395166 
•395658 
-396150 
•896641 
-397132 
-3976«1 
-S981U 


5a  9*306600 


•399068 
•399575 
-400062 
-400549 
•401035 
•401520 
•402005 
-402489 
-402972 
-403455 


-403938 
•404420 
•404901 
-405382 
-405862 
•406341 
-406820 
-407299 
•407777 
-408254 


•408731 
-409207 
-409682 
-410157 
-410682 
-411106 
-411579 
-412052 
•412524 
-412996 


Diff. 


B44 

843 
842 
841 
840 
839 
828 
837 
836 
835 

834 
833 
832 
831 
830 
838 
827 
826 
825 
824 

823 
822 
821 
820 
819 
»18 
817 
817 
816 
815 

814 
813 
812 
811 
810 
809 
808 
807 
806 
805 

804 
803 
802 
801 
800 
799 
798 
797 
796 
795 

794 
794 
793 
792 
791 
790 
789 
788 
787 
786 


616325 
615818 
615313 
614808 
614303 
613799 
613296 
612793 
612291 
611790 
611289 


610789 
610289 
609790 
609292 
608794 
608297 
607801 
607305 
606810 
606315 


605821 
605327 
604834 
604342 
0*603850 
0-603359 
0-602868 
0  -602379 
0-601889 
0  -601400 


0  •600912 
0*600425 
0  •599938 
0*599451 
0-598965 
598480 
597995 
597511 
597028 
596545 


0 
0 
0 
0 


0-596062 
0-595580 
0  -595099 
0  -594618 
0-594138 
593659 
593180 
592701 
592223 
591746 


0 
0 
0 
0 
0 


591269 
590793 
590318 
589843 
589368 
588894 
588421 
587948 
0-587476 
0-587004 


0 
0 
0 
0 
0 
0 
0 
0 


396771 
397309 
397846 
398383 
398919 
399455 
399990 
400524 
401058 
401591 
402124 


Diff" 


402656 
403187 
403718 
404249 
404778 
405308 
405836 
406364 
406892 
407419 


407945 
408471 
408997 
409521 
410045 
410569 
411092 
411615 
412137 
412658 


413179 
413699 
414219 
414738 
415257 
415775 
416293 
416810 
417326 
417842 


418358 
418873 
419387 
419901 
420415 
420927 
421440 
421952 
422463 
422974 


423484 
423993 
424503 
425011 
425519 
426027 
426534 
427041 
427547 
428052 


896 
896 
895 
894 
893 
892 
891 
890 
889 
888 

887 
886 
885 
884 
883 
882 
881 
880 
879 
878 

877 
876 
875 
874 
874 
873 
872 
871 
870 
869 

868 
867 
866 
865 
864 
864 
863 
862 
861 
860 

859 
858 
857 
856 
855 
855 
854 
853 
852 
851 

850 
849 
848 
848 
847 
846 
845 
844 
843 
843 


10  -603229 
10-602691 
602154 
601617 
601081 
600545 
600010 
599476 
598942 
598409 
597876 


10 
10 
10 
10 
10 
10 
10 
10 
10 


10  -597344 
10  -596813 
10  -596282 
10-595751 
10  -595222 
10-594692 
10-594164 
10  -593636 
10 -593108 
10-592581 


10  -592055 
10 -591529 
10  -591003 
10-590479 
10 -589955 
10-589431 
10  -588908 
10-588385 
10 -587863 
10 -587342 


10 -586821 
10 -586301 
10  -585781 
10  -585262 
10 -584743 
10  -584225 
10  -583707 
10  -583190 
10  -582674 
10  -582158 


10*581642 
10-581127 
10  •580613 
10-580099 
10  -579585 
10-579073 
10 -578560 
10 -578048 
10  -577537 
10 -577026 


10-576516 
10  -576007 
10  •575497 
10  -574989 
10 -574481 
10  -573973 
10  -573466 
10  -572959 
10  -572453 
10  -571948 


Co-teng. 
^5  DeirreeB. 


10. 013096 
10. 013127 
10. 013159 
10. 013191 
10. 013222 
10  -013254 
10  -013286 
10-013317 
10  013349 
10 -613381 
10  013413 


D. 


10  013445 
10-013477 
10  013509 
10-013541 
10  -013573 
10  013605 
10  -013637 
10  013669 
10  -013701 
10 -013734 


10-013766 
10 -013798 
10-013831 
10 -013863 
10  -013896 
10  -013928 
10 -013961 
10-013993 
10  -014026 
10-014058 


10  014091 
10-014124 
10  -014457 
10-014189 
10-014222 
10  -014255 
10-014288 
10  -014321 
10  -014354 
10-014387 


10  -014420 
10  -014453 
10-014486 
10  -0145201 
10 -014553 
10 -014586 
10-014619 
10  -014653 
10  -014686 
10-014720 


10  -014753 
10-014787 
10 -014820 
10 -014854 
10-014887 
10  -014921 
10-014955 
10  -014989 
10-015022 
10-015056 


Xuigeiit. 


52 
53 
53 
52 
53 
53 
52 
53 
53 
53 

53 
53 
53 
53 
53 
53 
53 
53 
53 
55 

53 
53 
55 
53 
55 
53 
55 
53 
55 
53 

55 
55 
55 
53 
55 
55 
55 
55 
55 
55 

55 
55 
55 
57 
55 
55 
55 
57 
55 
57 
55 
57 
55 
57 
55 
57 
57 
57 
55 
57 


9-984904 

9-9868731 

9 -986641 

9-986609 

9-986778 

9  986746 

9 -986714 

9-986683 

9-986651 

9*986619 

9-986587 


986555 
986523 
986491 
986459 
986427 
986395 
9-986363 
9-986331 
9*986299 
9  -986266 


4 
It 
II 
41 

44 

40 

se 

SI 

28 
94 
30 


54 

U 


9-986234 
9-986202 
9  -986169 
9  -986137 
9  986104 
9-986072 
9-986039 
9-986007 
9  -985974 
9  -985942 


985909 
985876 
985843 
985811 
985778 
9  -985745 
9  -985712 
9  985679 
9-985646 
9  -985613 


9 -985580 
9 -985547 
9  -985514 
9 '985480 
9  -985447 
9 -985414 
9  -985381 
9*985347 
9  -985314 
9 -985280 


9  985247 
9 -985213 
9-985180 
9  -985146 
9-985113 
9*985079 
9-985045 
9-985011 
9  -984978 
9*984944 


16  49   1 

n  41  1 

1  \ 

^' 

4 

iil 

8 

15 

S6 

44 

51 

43 

48 

42 

44 

41 

40 

40 

Sfi 

39 

a 

38 

S8 

37 

14 

36 

90 

35 

U 

34 

IS 

33 

8 

32 

4 

31 

a 

30 

■ " 

S6 

29 

5S 

28 

48 

27 

44 

26 

40 

25 

36 

24 

SS 

23 

ss 

n 

24 

21 

ao 

20 

14 

19 

IS 

18 

8 

17 

4 

16 

1 

15 

56 

14 

52 

13 

48 

12 

44 

U 

40 

10 

S6 

9 

S9 

8 

28 

7 

S4 

6 

SO 

5 

16 

4 

12 

3 

8 

2 

4 

1 

0 

0 

Sine« 


5h.  Om. 


TABLE  5. 
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Ih.  Om. 


15  Degrees. 


m  I     Sine.      |  Diff.  |  Co-gecant. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
jO 

U 
12 
13 
U 
15 
16 
17 
18 
19 

i2. 

21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 

41 
42 
43 
44 
45 
46 
47 
48 
49 
_50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


T 


0 

4 
8 


12*9 

16:9 

20*9 
I4!9 

sa!9 

19  9 
•6  9 
40 1£ 

44|9 
46 


•412996 
•413467 
-413938 
-414408 
•414878 
•415347 
-415815 
•416283 
-416751 
•417217 
-417684 


52 

S6 

1 
4 
8 
12 
16 
19 

24 
38 

82 
86 
40 
44 
48 
S3 
16 
A 

4 
8 
12 
16 
10 
24 
28 
82 
16 
40 

44 
48 
12 
16 

a 

4 

8 
12 
16 
20 

24 
28 
82 
86 

40 
44 
48 
82 
86 
4 


9 
9 


418159 
418615 
419079 
•419544 
-420007 
-420470 
•420933 
-42139& 
•42)857 


9 
9 
9 
9 
9-422318 


9-422778 
9  ^423238 
9  -423697 
9-424156 
9-424615 
9  -425073 
9  425530 
9  -425987 
9  -426443 
9  *426899 


9  -427354 
9-4278091 
9  -428263 ! 
9  -428717 
9-429170 
9  -429623 
9  -430075 
9*430527 
f '430978 
9  -431429 


9-431879 
9  -432329 
9  -432778 
9  -433226 
9  -433675 
9-434122 
434569 
435016 
435462 
435908 


9 
9 
9 
9 


9*436358 
9  -436798 
9  -437242 
9  -437686 
9  -438129 
9  -438578 
9*439014 
9  -439456 
9  *439897 
9  -440338 

Co<«iiie. 


785 
784 
783 
783 
782 
781 
780 
779 
778 
777 

776 
775 
774 
773 
773 
772 
771 
770 
769 
768 

767 
767 
766 
765 
764 
763 
762 
761 
760 
760 

759 
758 
757 
756 
755 
754 
753 
752 
752 
751 

750 
749 
749 
748 
747 
746 
745 
744 
744 
743 

742 
741 
740 
740 
739 
789 
737 
736 
786 
735 


10-587004 
10  -586533 
10  -586062 
10  -585592 
10-585122 
10-584653 
10-584185 
10-583717 
10-583249 
10  -582783 
10-582316 


10-581850 
10-581385 
10  -580921 
10-580456 
10-579993 
10  579530 
10-579067 
10^578605 
10 -578143 
10-577C82 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


577222 
576762 
576303 
575844 
575385 
574927 
57U70 
571013 
573557 
573101 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


572646 
572191 
571737 
571283 
570830 
570377 
569925 
569473 
569022 
568571 


10-568121 
10  -567671 
10-567222 
10 -566774 
10 -566325 
10  -565878 
10  -565431 
10  -564984 
10*564538 
10  -564092 


Tangent.    Diff. 


-428052 
-428557 
-429062 
-429566 
-430070 
•430573 
'431675 
•431577 
9  -432079 
9  -432580 
9  -433080 


9 
9 
9 
9 
9 
9 
9 
9 


9  -433580 , 
9  -434080 , 
9 -434579 j 
9-435078, 
9-4355761 
9-436073 
9  -436570 
9-437067 
9  -437563 
9-438059 


438554 
439048 
439543 
440036 
4 10529 
441022 
441514 
442006 
9  -442497 
9  -442988 


9  -443479 
9  -443968 
9*444458 
9-444947 
445435 
445923 
446411 
446898 
447384 
447870 


10 
10 
10 
10 
10 
10 
10 
10 
10 


563647 
'563202 
-562758 
•562314 
•561871 
-561428 
-560986 
560544 
•560103 


9 -448356 
9*448841 
9 -449326 
9*449810 
9  -450294 
450777 
451260 
451743 
452225 
452706 


9 
9 

9 
9 


10*559662 


-453187 
-453668 
•454148 
•454628 
•455107 
-455586 
-456064 
-456542 
•457019 
-457496 


842 
841 
840 
839 
838 
838 
837 
836 
835 
834 

833 
832 
832 
831 
830 
829 
828 
828 
827 
826 

825 
824 
823 
823 
822 
821 
820 
819 
819 
818 

817 
816 
816 
815 
814 
813 
812 
812 
811 
810 

809 
809 
808 
807 
806 
806 
805 
804 
803 
802 

802 
801 
800 
799 
799 
798 
797 
796 
796 
795 


Co-teng. 


10.571948 
10-571443 
570938 
570434 
569930 
569427 
568925 
568423 
567921 
567420 
566920 


10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


566420 
565920 
565421 
564922 
564424 
563927 
563430 
562933 
562437 
561941 


561446 
560952 
560457 
559964 
559471 
558978 
558486 
557994 
10-557503 
10-557012 


10 
10 
10 
10 
10 
10 
10 
10 


10-556521 
10  -556032 
10-555542 
10  -555053 
10  -554565 
10  -554077 
10  -553589 
10-553102 
10  -552616 
10-552130 


10-551644 
10*551159 
10  -550674 
10  *550190 
10 -549706 
10 -549223 
10 -548740 
10-548257 
10*547775 
10 -547294 


Secant.  *D. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Co-sine. 


015056 
015090 
015124 
015158 
015192 
015226 
015260 
015294 
015328 
015362 
015397 


10  015431 
10-015465 
10  -015500 
10*015534 
10  -015568 
10*015603 
10*015637 
10*015672 
10-015706 
10-015741 


10  015776 
10  -015810 
10  *015845 
10*015880 
10*015915 
10-015950 
10-015985 
10*016019 
10-016054 
10*016089 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


016125 
016160 
016195 
016230 
016265 
016300 
016336 
016371 
016406 
016442 


Secant.  I  Co-tang.  | 


10 
10 
10 
10 
10 
10 


546813 
546332 
545852 
545S72 
544893 
544414 
10-543936 
10-543458 
10-542981 
10  -542504 

Tangent. 


10 

10 

10- 

10 

10 

10 

10 

10 

10 

10 


016477 
016513 
016548 
016584 
016619 
016655 
016691 
016727 
016762 
016798 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


016834 
-016870 
-016906 
•016942 
•016978 
017014 
-017050 
-017086 
-017122 
•017158 


57 
57 
57 
57 
57 
57 
57 
57 
57 
58 

57 

57 

58 

57 

57 

58 

57 

58 

58 

57 

58 

57 

58 

58 : 

58 

58 

58 

57 

58 

58 

60 
58 
58 
58 
58 
58 
60 
58 
58 
60 

58 
60 
58 
60 
58 
60 
60 
60 
58 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


Co-secant. 


9 
9 
9 
9 
9 
9 
9 
9 
9 

9 


-984944 
984910 
-984876 
-984842 
-984808 
-984774 
-984740 
-984706 
'984672 
-984638 
-984603 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


■984569 
-984535 
'984500 
'984466 
-984432 
'984397 
984363 
-984328 
984294 
984259 


9 -984224 
9*984190 
9  984155 
9-984120 
-984085 
-984050 
'984015 
-983981 
983946 


9 
9 
9 
9 
9 


9-983911 


9 
9 
9 
9 
9 
9 
9 
9 
9 


983875 
983840 
-983805 
-983770 
'983735 
'983700 
'983664 
'983629 
'983594 


9  •983558 


66 
52 
48 
44 
40 
36 
32 
28 
84 
20 

16 
12 

8 

4 


9-983523 
9-983487 
9  '983452 
9*983416 
9  -983381 
9-983345 
9  '983309 
9  -983273 
9  -983238 
9  -983202 

9-983166 
9  -983130 
9-983094 
9 -983058 
9  -983022 
9  -982986 
9  -982950 
9*982914 
9 -982878 
9  -982842 

I  Sine* 


66 
52 
48 
44 
40 

36 

83 

38 

24 

30 

16 

19 

8 

4 

68 

56 
52 
48 
44 
40 
86 
89 
98 
34 
90 

16 

13 

8 

4 

67 

86 

59 

48 

44 

40 

88 
89 
98 

94 
90 
16 
19 
6 


Li 


59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 

11 

39 

38 

37 

36 

35 

34 

33 

32 

31 

H. 
29 

28 
27 
26 
25 
24 
23 
22 
21 

21 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


■■■i 


mmm 
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TABLE    5. 
Logarithmic  Sines,  Tangents,  and  Secants. 


0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
21 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 

il 
41 

42 

43 

44 

45 

46 

48 
49 
J50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Oh.  Om. 


0  Degree. 


t 

0 
4 
8 
13 
16 
30 
34 

S3 

86 
40 

44 
48 

53 

66 

1 

4 

8 

13 

16 

SO 

34 
38 
S3 
86 
40 
44 
48 
S3 
56 

a 

4 
8 
13 
16 
30 
34 
38 
83 
86 
40 

44 

48 
63 
66 

8 
4 
8 
13 
16 
30 

34 

36 
83 
S6 
40 
44 
48 
63 
66 
4 


Sine. 


0  000000 

6  *463726 
6-764756 
6-940847 

7  -065786 
7*162696 
7-241877 
7  '308824 
7-366816 
7-417968 
7  -463726 


7 
7 

7 
7 
7 
7 
7 
7 
7 
7 


505118 
542906 
577668 
609853 
639816 
667845 
694173 
718997 
742478 
764754 


785943 
806146 
825451 
843934 
861662 
878695 
895085 
910879 
926119 
940842 


7 -955082 

7  '968870 
7 '982233 
7*995198 
8 -007787 
8 -020021 

8  -031919 
8 -043501 
8 '054781 
8  065776 


8  076500 
8 -086965 
8-097183 
8-107167 
8 '116926 
8-126471 
8 '135810 
8  144953 
8  '153907 
8-162681 


8-171280 
8-179713 
8 -187985 
8  196102 
8 '204070 
8 '211895 
8 '219581 
8 -227134 
8 -234557 
8 -241855 


Co-sbio- 


Diff. 


501717 

293485 

208231 

161517 

131968 

111578 

96653 

85254 

76262 

68988 
62981 
57936 
53641 
49938 
46714 
43881 
41372 
39135 
37127 

35315 
33672 
32175 
30805 
29547 
28388 
27317 
26323 
25399 
24538 

23733 
22980 
22273 
21608 
20981 
20390 
19831 
19302 
18801 
18325 

17872 
17441 
17031 
16639 
16265 
15908 
15566 
15238 
14924 
14622 

14333 
14054 
13786 
13529 
13280 
13041 
12810 
12587 
12372 
12164 


Co-«ecant. 


Infinite. 
13 -536274 
235244 
059153 
934214 
837304 
758123 
691176 
633184 
582032 
536274 


13 
13 
12 
12 
12 
12 
12 
12 
12 


Tangent. 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


-494882 
-457094 
-422332 
-390147 
•360184 
-332155 
'305827 
'281003 
'257522 
'235246 


0  '000000 
6  -463726 
6  -764756 
6-940847 
7 -065786 


7 
7 
7 
7 
7 


162696 
'241878 
308825 
366817 
417970 


7  -463727 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


214057 
193854 
174549 
156066 
138338 
121305 
104915 
089121 
073881 
059158 


12  044918 
12*031130 
12-017767 
12*004802 
11-992213 
979979 
968081 
956499 
945219 
934224 


505120 
542909 
577672 
609857 
639820 
667849 
7*694179 
7*719003 
7-742484 
7*764761 


•785951 
•806155 
•825460 
•843944 
'861674 
•878708 
7  *895099 
7 -910894 
7  926134 
7 -940858 


11 
11 
11 
11 
11 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


923500 
913035 
902817 
892833 
883074 
873529 
864190 
855047 
846093 
837319 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 


828720 
•820287 
•812015 
•803898 
•795930 
-788105 
•780419 
•772866 
765443 
'758145 


Secant. 


955100 
968889 
982253 
995219 
007809 
020045 
031945 
043527 
054809 
065806 


8 
8 
8 
6 
8 
8 
8 
8 
8 
8 


076531 
086997 
097217 
107202 
116963 
126510 
135851 
144996 
153952 
162727 


171328 
179763 
188036 
196156 
204126 
211953 
219641 
227195 
8  -234621, 
8  -341922 


Co-tang. 


Diff. 


501717 

293485 

208231 

161517 

131969 

111578 

96653 

85254 

76263 

68988 
62981 
57937 
53642 
49939 
46715 
43882 
41373 
39136 
37128 

35315 
33673 
32176 
30807 
29549 
28390 
27318 
26325 
25401 
24540 

23735 
22982 
22275 
21610 
20983 
20392 
19833 
19305 
18803 
18327 

17875 
17444 
17034 
16642 
16268 
15911 
15568 
15241 
14927 
14625 

14336 
14057 
13790 
13532 
13284 
13044 
12814 
12591 
12376 
12168 


Co.tang. 


Infinite. 
13  -536274 
235244 
059153 
934214 
837304 
758122 
691175 
633183 
582030 
536273 


13 
13 
12 
12 
12 
12 
12 
12 
12 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


-494880 
457091 
'422328 
390143 
360180 
332151 
305821 
280997 
257516 
235239 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


214049 
-193845 
174540 
156056 
138326 
121292 
-104901 
089106 
073866 
059142 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


000002 
000003 
000003 
000004 
000004 
000005 
000005 
000006 
*000007 
000007 


12  -044900 
12*031111 
12 -017747 
12*004781 
11 *992191 
11*975955 
968055 
956473 
945191 
934194 


11 
11 
11 
11 


11 *923469 
11 *9 13003 
11 *902783 
11 *892798 
11 *883037 
11 *873490 
11*864149 
11*855004 
11*846048 
11*837273 


11 
11 
II 
11 
11 
11 
11 
11 
11 
11 


828672 
'820237 
811964 
803844 
795874 
788047 
780359 
772805 
765379 
758078 


Tangent. 


10 
10 
10 
10 
10 
H> 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10^ 
10 
10 
10 
10 


000000 
000000 
000000 
000000 
000000 
000000 
000001 
000001 
000001 
000001 
000002 


000008 
000009 
000010 
•000011 
DOOOll 
000012 
000013 
000014 
000015 
000017 


000018 
000019 
000020 
000021 
000023 
000024 
00002S 
000027 
000028 
000029 


000031 
000032 
000034 
000036 
000037 
000039 
000041 
000042 
000044 
000046 


000048 
060050 
OOOOMK 
000054 
000056 
000058 
000060 
000062 
000064 
000066 


Co-aeout. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
1 
0 
1 
0 
1 
0 
1 
1 
0 

I 
1 
1 
1 
1 
0 
1 
1 
1 
I 

3 
1 
1 
1 
3 
1 
1 
1 
3 
I 

3 
1 
3 
3 
1 
3 
3 


9-999998^ 

9*999997 

9-999997 

9*999996 

9*999996 

9-999995 

9-999995 

9-999994 

9-999993 

9*999993 


3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 


, 


10*000000(60 

10*000006  56 

lO-OOOOOO  5S 

lO-OOOOOO  46 

10*000000  44 

10  -000006  40 

9  -999999  96 

9  *999999  19 

9  -999999  88 

9  *999999  34 

9-999998130 

li 

13 

6 

4 

59 

66 

68 

46 

44 

40 

86 
S3 
38 
34 

80 
16 
13 

8 

4 
08 

66 
63 
46 

44 
40 
86 
83 
38 
34 
SO 

16 
13 
8 
4 
67 
66 
53 
48 
44 
40 

86 
S3 
38 

34 

SO 
16 
13 

8 
4 
8 


9  -999992 
9-999991 
9*999990 
9  *999989 
9-999989 
9*999988 
9*999987 
9-999986 
9-999985 
9-999983 


9  999982 
9-999981 
9-999980 
9-999979 
9  -999977 
9  -999976 
9-999975 
9-999973 
9  -999972 
9-999971 


9  -999969 
9*999968 
9-999966 
9-999964 
9*999963 
9*999961 
I  )# -999959 
* 'O  "999968 
9  -999956 
9*99M54 

999952 


9 

9-999960 

9-999948 

9*  999946 

9  -999944 

9  -999942 

9-999940 

9*999938 

9*999836 

9*999934 


89  Degrees. 


60 
59 

58 
hi 

d5 
b\ 
53 

52 
51 

— 
49 

48 

4; 

46 

45 

44 

43 

42 

41 

i!L 
39 

38 
37 
36 
35 
34 
33 
32 
31 
30 


29 
28 
27 
26 
25 
84 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
14 
IS 
12 
11 

ii 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


;r 


5  h.  56in. 


TABLE    5. 

Logarithmic  Sines,  TangentSy  and  Secants'. 


Ih.  8m. 


0 

1 

2 
3 
4 
5 
6 
7 


• 

0 
4 
8 
1> 
16 
SO 
S4 
S8 


8  89 

9  86 

10  40 

11  44 

12  48 
13 '63 

14  56 
151  • 

16  4 

17  8 

15  IS 

19  16 

20  SO 

21jS4 
22!  S8 
23:8S 

24!  86 


Sinfl.      I  pTff:  I  Co-secmT 


17  Degrees. 


9 -465935 
9 -466348 
9  '466761 
9-467173 
9 -467585 
9  -467996 
9  -468407 
9-468817 
9  -469227 
9-469637 
9  -470046 


470455 
470863 
471271 
471679 
472086 
472492 
9  -472898 
9  -473304 
9-473710 
9*474115 


25  40( 

26  44! 

27  48 

28  8S 

29  86 
^:10 

31 


9  -474519 
9  -474923 
9-475327 
9  -475730 
9  -476133 
9-476536 
9  '476938 
9  -477340 
,9-477741 
9  -478142 


32 
33 
34 
35 
36 
37 
38 
39 
_40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 


4 
8 
IS 
16 
SO 
S4 
S8 
8S 
86 
40 

44 
48 
SS 

56 
11 
4 
8 
IS 
16 
SO 

S4 
S8 
8S 
86 

40 
44 
48 
6S 
86 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


478542 
478942 
479342 
479741 
480140 
480539 
480937 
481334 
481731 
482128 


9  -482525 
9  -482921 
9  -483316 
9-483712 
9-484107 
9  -484501 
9  -484895 
9  -485289 
9-485682 
9  -486075 


9 
9 
9 
9 


486467 
486860 
487251 
487643 
9-488034 
9  -488424 
9*488814 
9-489204 
9-489593 
9  489982 


688 
688 
687 
686 
685 
685 
684 
683 
683 
682 

681 
680 
680 
679 
678 
678 
677 
676 
676 
675 

674 
674 
673 
672 
672 
671 
670 
669 
669 
668 

667 
667 
666 
665 
665 
664 
663 
663 
662 
661 

661 
660 
659 
659 
658 
657 
657 
656 
655 
655 

654 
653 
653 
652 
651 
651 
650 
050 
649 
648 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•534065 
533652 
'533239 
532827 
532415 
532004 
531593 
531183 
530773 
530363 
529954 


Tmgoit.  I  Diff. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


529545 
529137 
528729 
528321 
527914 
527508 
527102 
526696 
526290 
525885 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


525481 
525077 
524673 
524270 
523867 
523464 
523062 
522660 
522259 
521858 


10-521458 
10*521058 
10  -520658 
10  -520259 
10  -519860 
10  -519461 
10  -519063 
10  -518666 
10 -518269 
10-517872 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


-485339 
-485791 
486242 
486693 
487143 
487593 
488043 
488492 
488941 
489390 
489838 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


'490286 
490733 
491180 
491627 
492073 
492519 
492965 
493410 
493854 
494299 


9-494743 
9-495186 
495630 
496073 
496515 
496957 
497399 
497841 
9  -498282 
9-498722 


9 
9 
9 
9 
9 
9 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


499163 
499603 
500042 
500481 
500920 
501359 
501797 
502235 
502672 
503109 


10-517475 
10-517079 
10-516684 
10  516288 
10-515893 
10  515499 
10-515105 
10-514711 
10-514318 
10-513925 


503546 
503982 
504418 
504854 
505289 
9  -505724 
9  -50C159 
9  -506593 
9  -507027 
9  -507460 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


513533 
513140 
512749 
512357 
511966 
511576 
511186 
510796 
510407 
510018 


I  Sccsnt. 


507893 
508326 
508759 
509191 
509622 
510054 
510485 
510916 
9-511346 
9-511776 


Co.tang. 


Co-tang. 


753 
752 
751 
751 
750 
749 
749 
748 
747 
747 

746 
746 
745 
744 
744 
743 
743 
742 
741 
740 

740 
739 
739 
738 
737 
737 
736 
736 
735 
734 

734 
733 
733 
732 
731 
731 
730 
730 
729 
728 

728 
727 
727 
726 
725 
725 
724 
724 
723 
722 

722 
721 
721 
720 
719 
719 
718 
718 
717 
717 


10 -514661 
10  -514209 
10 -513758 
10*513307 
10*512857 
10-512407 
10*511957 
10-511508 
10*511059 
10*510610 
10-510162 


Socftnt. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10-509714 
10  -509267 
10  -508820 
10-508373 
10*507927 
10*507481 
10-507035 
10  506590 
10  506146 
10-505701 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10  -505257 
10-504814 
10  504370 
10-503927 
10  503485 
10  503043 
10*502601 
10-502159 
10*501718 
10-501278 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


500837 • 

500397 1 

499958 

499519  > 

499080 

498641 

498203 

497765 

497328 ; 

496891 


019404 
019442 
019481 
019520 
019558 
019597 
019636 
019675 
019714 
019753 
019792 


D. 


019831 
019870 
019909 
019948 
019988 
020027 
020066 
020105 
020145 
020184 


020224 
020263 
020303 
020342 
020382 
020421 
020461 
020501 
020541 
020580 


10  -020620 
10-020660 
10  020700 
10  020740 
10  -020780 
10  020820 
10  020860 
10-920900 
10*020941 
10-020981 


10  -496454 
10  -496018  I 
10  495582  , 
495146 
494711 
494276 
493841 , 
493407 
492973 


10 
10 
10 
10 
10 
10 
10 


-492540 


10-021021 
10-021061 
10-021102 
10*021142 
10-021183 
10 -021223 
10  021263 
10-021304 
10-021345 
10-021385 


10*492107 

10*491674 

10-491241 

10*490809 

10  -490378 , 

10*489946 

10-4895151 

10*489084, 

10*488054 

IO'48M224l 


10.021426 
10*021467 
10  021507 
10*021548 
10-021589 
10-021630 
10*021671 
10-021712 
10*021753 
10*021194 


Tangent.  I  Co-i 


63 
65 
65 
63 
65 
65 
65 
65 
65 
65 

65 
65 
65 
65 
67 
65 
65 
65 
67 
65 

67 
65 
67 
65 
67 
65 
67 
67 
67 
65 

67 
67 
67 
67 
67 
67 
67 
67 
68 
67 

67 
67 
68 
67 
68 
67 
67 
68 
68 
67 

68 
68 
67 
68 
68 
68 
68 
68 
68 
68 


Co-sine. 


9 '980596 
9  980558 
9-980519 
9 -980480 
9 -980442 
9 -980403 
9 -980364 
9 -980325 
9  -980286 
9 -980247 
9-980208 


980169 
980130 
980091 
980052 
980012 
979973 
9  -979934 
9  979895 
9-979855 
9-979816 


9 
9 
9 
9 
9 
9 


il6r49 
'l«  48 
8147 


4 
51 
56 
63 
48 


46 
45 
44 
43 
42 


'44 '41 

♦o!40 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


979776 
979737 
979697 
979658 
979618 
979579 
979539 
979499 
979459 
979420 


9  979380 
9  '979340 
9  979300 
9  -979260 
9-979220 
9  -979180 
979140 
979100 
979059 
979019 


9 
9 
9 
9 


36,39 
39.38 
28,37 
94  36 
90 '35 
16  34 
19  1 33 
8  32 
4  31 
ftp  30 

56 ,  29 
63  28 

48  27 
44;  26 
40  125 
86  24 
83  23 
98,22 
94 '21 
90  ;  20 


9*978979  l«,19 

9*978939," 

9  -978898: 

9*978858 

9*978817, 

9*978777. 

9*978737, 

9  '978696 

9*978655' 

9*978615 


19  18 
8  17 
4  16 
4a,  15 
66  14 
63    13 


9*978574 
9*978533 
9 -978493 
9  -978452 
9-978411 
9  978370 
9  -978329 
9  -978288 
9-978247 
9 '978206 


Sino. 


48 
44 
40 


112 
11 
10 


86 

S3 

38 

34 

SO 

16 

IS 

8 

4 

0 

■ 


9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


100 


TABLE    5. 
Logarithmic  Sines^  Tangents,  and  Secants. 


Ih.  12m. 


0 
1 
2 
3 
4 

5 
6 
7 
8 
9 
JO 

11 
12 
IS 
14 
15 
16 
17 
18 
19 
_20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
_50 

51 
52 
53 
54 
55 


0 

4 
6 

la 

16 
30 
Si 

98 

as 

86 
40 

44 

48 

sa 

56 
13 

4 
8 

la 

16 
30 

34 
38 
33 


Sine. 


36^9 
40  9 
44  9 
48  9 

5a!  9 

56  9 
14 '^ 

4(9 

8!9 
18'9 
16;9 
30  9 
34  9 
38l9 
S3;9 
36-9 
40-9 

44 '9 
48  9 
53  9 
66  9 

15  9 
4^9 
8  9 

12  9 

16  9 
30  9 


34 
38 
S3 
86 
40 


5QI144 

48 


58 
59 
60 


59 
56 
10 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


489982 
490371 
490759 
491147 
491535 
491922 
492308 
492695 
493081 
493466 
493851 


494236 
494621 
495005 
495388 
495772 
496154 
496537 
496919 
497301 
497682 


498064 
498444 
498825 
499204 
499584 
499963 
500342 
500721 
501099 
501476 


501854 
502231 
502607 
502984 
503360 
503735 
504110 
504485 
504860 
505234 


505608 
505981 
506354 
506727 
507099 
507471 
507843 
508214 
508585 
508956 


509326 
509696 
510065 
510434 
510803 
51U72 
511540 
511907 
512275 
512642 


Co-eine. 


Diff. 


648 
648 
647 
646 
646 
645 
644 
644 
643 
642 

642 
641 
641 
640 
639 
639 
638 
637 
637 
636 

636 
635 
634 
634 
633 
632 
632 
631 
631 
630 

629 
629 
628 
628 
627 
626 
626 
625 
625 
624 

623 
623 
622 
622 
621 
620 
620 
619 
619 
618 

618 
617 
616 
616 
615 
615 
614 
613 
613 
612 


Co-MC&nt. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


510018 
509629 
509241 
508853 
508465 
508078 
507692 
507305 
506919 
506534 
506149 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


505764 
505379 
504995 
504612 
504228 
503846 
503463 
503081 
502699 
502318 


501936 
501556 
501175 
500796 
500416 
500037 
499658 
499279 
498901 
498524 


498146 
497769 
497393 
497016 
496640 
496265 
495890 
495515 
495140 
494766 


494392 
494019 
493646 
493273 
492901 
492529 
492157 
491786 
10*491415 
10-491044 


Tngent. 


18  Degrees. 

Diff.  {  Co-tang.  \    Secmt. 


•490674 
•490304 
•489935 
•489566 
•489197 
•488828 
•488460 
•488093 
•487725 
•487358 


511776 
512206 
512635 
513064 
513493 
513921 
514849 
514777 
515204 
515631 
516057 


516484 
516910 
517335 
517761 
518185 
518610 
519034 
519458 
519882 
520305 


520728 
521151 
521573 
521995 
522417 
522838 
523259 
523680 
524100 
524520 


524939 
525359 
525778 
526197 
526615 
527033 
527451 
527868 
528285 
528702 


529119 
529535 
529950 
530366 
530781 
531196 
531611 
532025 
532439 
532853 


533266 
533679 
534092 
534504 
534916 
535328 
535739 
536150 
36561 
6972 


716 
716 
715 
714 
714 
713 
713 
712 
712 
711 

710 
710 
709 
709 
708 
708 
707 
706 
706 
705 

705 
704 
704 
703 
703 
702 
702 
701 
701 
700 

699 
699 
698 
698 
697 
697 
696 
696 
695 
695 

694 
694 
693 
693 
692 
691 
691 
690 
690 
689 

689 
688 
688 
687 
687 
686 
686 
685 
685 
684 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Secant.  I  Co-tang. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


488224 
487794 
487365 
486936 
486507 
486079 
485651 
485223 
484796 
484369 
483943 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


483516 
483090 
482665 
482239 
481815 
481390 
480966 
480542 
480118 
479695 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


479272 
478849 
478427 
478005 
477583 
477162 
476741 


476320.40 


475§00 
475480 


10 
10 
10 
10 
10 
10 
10 


10 
10 


475061 
474641 
474222 
473803 
473385 
472967 
472549 
472132 
471715 
471298 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


470881 
470465 
470050 
469634 
469219 
468804 
468389 
467975 
467561 
467147 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


466734 
466321 
465908 
465496 
465084 
464672 
464261 
463850 
463439 
463028 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


021794 
021835 
021876 
021917 
021958 
021999 
022041 
022082 
022123 
022165 
022206 


022248 
022289 
022331 
022372 
022414 
022456 
022497 
022539 
022581 
022623 


022665 
022707 
022749 
022791 
022833 
022875 
022917 
022959 
023001 
023043 


023086 
023128 
023170 
023213 
023255 
023398 
023840 
-023383 
023426 
023468 


023511 
023554 
-023596 
023639 
098682 
023725 
023768 
023811 
023854 
023897 


023940 
023983 
024026 
024070 
024113 
024156 
024200 
024243 
024286 
024350 


D. 


68 

68 
68 
69 
69 
69 
69 
69 
€9 
69 

69 

69 

69 

69 

69 

69 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 


Tangent.    |  Co-aecant. 


2 
2 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
72 


9  -978206 
9 -978165 
9 -978124 
9 -978088 
9*978042 
9  978001 
9  -977959 
9  -977918 
9 -977877 
9 -977835 
9  -977794 

9  '977752 
9  "977711 
9 -977669 
9 -977628 
9 -977586 
9  -977544 
9 -977503 
9 -977461 
9-977419 
9  -977377 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


'977335 
'977293 
•977251 
'977209 
977167 
•977125 
•977083 
•977041 
•976999 
•976957 


9 -976914 
9  -976872 
9-976830 
9  -976787 
9  -976745 
9-976702 
9-976660 
9  976617 
9  -976574 
9-976532 


9  -976489 
9*976446 
9  -976404 
9  -976361 
9  -976318 
9-976275 
9 -976232 
9 -976189 
9  -^6146 
9  -976ia3 


9*976060 
9-976017 
9  -975974 
9  -975930 
975887 
975844 
975800 
975757 
975714 
975670 


69 
48 

44 
40 
86 
S3 
M 
14 
M 

16 
11 

1 
4 

56 
•1 
48 

44 

40 

sc 

81 
18 

14 

10 
16 
11 

4 


96 

51 

48 
44 
40 
16 
81 
18 
34 
10 

16 

13 

8 

4 

45 

S6 
53 
48 
44 
40 

86 
33 
18 

14 

10 
16 
Vl 

8 
4 
0 


S^ine. 


60 
59 
^ 
57 
56 
55 
54 
53 
52 
51 
W 

49 
49 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 

^ 
29 

28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
IS 
17 
16 
15 
14 
13 
12 

n 

10 

Q 

«* 

6 
U 

3 

1 
0 


71  Degrees. 


l^. 


4h.  44m. 


TABLE  6.   * 
Logarithmic  Sines^  Tangents,  and  Secants. 


101 


Ih.  16m. 


0 

1 

2 
3 
4 
5 
6 
7 
8 
9 

11 
12 
13 
14 
16 
16 
17 
16 
19 
_20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
JO 

31 
32 
33 
34 
35 
36 
37 
38 
39 
jlO 

41 
42 
43 
44 
45 
46 
47 
48 
49 

i2. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


• 
4 
8 
12 
16 
10 
94 

to 

82 
86 

40 

44 

48 
89 

56 
17 

4 

8 

19 

16 

90 

94 
98 
89 
86 

iO 
44 
48 
59 
56 
IS 

4 
8 
19 
16 
90 
94 
98 
89 
86 
40 

44 
49 
$9 

56 
!• 

4 

8 

19 

16 

90 

94 
98 
89 
86 

40 
44 
48 
59 
56 


9-512642 
9-513009 
9  -513375 
9  -513741 
9-514107 
514472 
•514837 
9  -515202 
9  -515566 
•515930 
'516294 


9 
9 


9 
9 


9  -516657 
9-517020 
9-517382 
9-517745 
9-518107 
9  -518468 
9-518829 
9-519190 
9 -519551 
9-519911 


520271 
520634 
520990 
521349 
521707 
522066 
522424 
9  -522781 
9  -523138 
9  -523495 


9  -523852 
9-524208 
9  -524564 
9-524920 
9  -525275 
9  -525630 
9-525984 
9  -526339 
9  -526693 
9  '527046 


9  -527400 
9  -527753 
9  -528105 
528458 
528810 
529161 
529513 
529864 
530215 
530565 


9-530915 
9 -531265 
9  531614 
9  -531963 
9  -532312 
9  -532661 
9  533009 
9  -533357 
9  -533704 
9  -534052 


Diff. 


Co-Ane. 


612 
611 
611 
610 
609 
609 
608 
608 
607 
607 

606 
605 
605 
604 
604 
603 
603 
602 
601 
601 

600 
600 
599 
599 
598 
598 
597 
596 
596 
595 

595 
594 
594 
593 
593 
592 
591 
591 
590 
590 

589 
589 
588 
588 
587 
587 
586 
586 
585 
585 

584 
584 
583 
582 
582 
581 
581 
580 
580 
579 


Co-^ecant. 


10  -487358 
10  -486991 
10-486625 
10 -486250 
10  -485893 
10  -485528 
10-485163 
10  -484798 
10  -484434 
10  -484070 
10  -483706 


10  -483343 
10-482980 
10-482618 
10 -482255 
10 -481893 
10-481532 
10*481171 
10 -480810 
10  -480449 
10  -480089 


10  -479729 
10  -479369 
10-479010 
10-478651 
10-478293 
10  477934 
10  -477576 
10-477219 
10  -476862 
10-476505 


10  -476148 
10  -475792 
10-475436 
10 -475080 
10  -474725 
10 -474370 
iO -474016 
10-473661 
10  -473307 
10-472954 


10  -472600 
10-472247 
10-471895 
10-471542 
11^-471190 
10  -470839 
10-470487 
10-470136 
10  -469785 
10  '469435 


10  -469085 
10  -468735 
10 -468386 
10  -468037 
10  -467688 
10  -467339 
10  -466991 
10-466643 
10  -466296 
10  -465948 


TflDgont. 


19  Degrees. 

Diff. 


536972 
537382 
537792 
538202 
538611 
539020 
539429 
539837 
540245 
540653 
541061 


541468 
541875 
542281 
542588 
543094 
543499 
543905 
544310 
544715 
545119 


545524 
545928 
546331 
546735 
547138 
547540 
547943 
548345 
548747 
549149 


549550 
549951 
550352 
550752 
551152 
551552 
551952 
552351 
552750 
553149 


553548 
553946 
554344 
554741 
555139 
555536 
555933 
556329 
556725 
557121 


557517 
557913 
558308 
558702 
559097 
559491 
559885 
560279 
560673 
561066 


Co-tang. 


684 
683 
683 
682 
682 
681 
681 
680 
680 
679 

679 
678 
678 
677 
677 
676 
676 
675 
675 
674 

674 
673 
673 
672 
672 
671 
671 
670 
670 
669 

669 
668 
668 
667 
667 
666 
666 
665 
665 
665 

664 
664 
663 
663 
662 
662 
661 
661 
660 
660 

659 
659 
659 
658 
658 
657 
657 
656 
656 
655 


Co-tang. 


463028 
462618 
462208 
461798 
461389 
460980 
460571 
460163 
459755 
459347 
458939 


458532 
458125 
457719 
457312 
456906 
456501 
456095 
455690 
455285 
454881 


Secant. 


454476 
454072 
453669 
453265 
452862 
452460 
452057 
451655 
451253 
450851 


450450 
450049 
449648 
449248 
448848 
448448 
448048 
447649 
447250 
446851 


446452 
446054 
445656 
445259 
444861 
444464 
444067 
443671 
443275 
442879 


442483 
442087 
441692 
441298 
440903 
440509 
440115 
439721 
7 


4aiitt: 


Tangent. 


024330 
024373 
024417 
024461 
024504 
024548 
024592 
024635 
024679 
024723 
024767 


D. 


024811 
024855 
024899 
024943 
024987 
025031 
025075 
025120 
025164 
025208 


025252 
025297 
025341 
025386 
025430 
025475 
025519 
025564 
025609 
025653 


025698 
025743 
025788 
025833 
025878 
025923 
025968 
026013 
026058 
026103 


026148 
026193 
026239 
026284 
026329 
026375 
026420 
026465 
02651 1 
026556 


026602 
026648 
026693 
026739 
026785 
026831 
026876 
026922 
026968 
027014 


Co«8ecant. 


72 
73 
73 
73 
73 
73 
73 
73 
73 
73 

73 
73 
73 
73 
73 
73 
74 
74 
74 
74 

74 
74 
74 
74 
74 
74 
74 
74 
74 
74 

75 
75 
75 
75 
75 
75 
75 
75 
75 
75 

75 
75 
75 
75 
76 
76 
76 
76 
76 
76 

76 
76 
76 
76 
76 
76 
76 
76 
76 
76 


Co-aine. 


9  -975670 
9^975627 
9  -975583 
975539 
975496 
975452 
975408 
975365 
9  -975321 
9  -975277 
9 -975233 


9 
9 
9 
9 
9 


975189 
975145 
975101 
975057 
975013 
974969 
9  '974925 
9 -974880 
9 -974836 
9 -974792 


•974748 
'974703 
•974659 
•974614 
•974570 
'974525 
•974481 
9 -974436 
9  -974391 
9  -974347 


9 
9 
9 
9 
9 
9 
9 


9  -974302 
9  -974257 
9  -974212 
9-974167 
9-974122 
9  -974077 
9  -974032 
9  973987 
9  -973942 
9  -973897 


973852 
973807 
973761 
973716 
973671 
973625 
973580 
973535 
973489 


9  -973444 


9-973398 
9  -973352 
973307 
973261 
973215 
973169 
973124 
973078 
973032 
972986 


S6 
59 
48 
44 
40 
86 
89 
98 
94 
90 

16 

19 

8 

4 

48 

66 

59 

48 

44 

40 

86 
89 

98 
94 
90 
16 
19 
8 
4 


70  Degrees. 


Sine. 


4h.  40m. 


56 
59 
48 
44 
40 
86 
89 
98 
94 
90 

16 
19 

8 

4 
41 
66 
69 
48 
44 
40 

36 
39 
98 
94 
90 

iM 

12 
8 

4 
0 

• 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

11 

49 

48 

47 

46 

45 

44 

43 

42 

41 

il 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30^ 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20_ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


102 


TABLE  5. 
Logarithmic  Sines^  Tangents,  and  Secanta. 


Ih.  20m. 


20  Degrees. 


0 
1 

2 

s 

4 
5 
6 
7 
8 
9 
JO 

U 
12 
13 
14 
15 
16 
17 
18 
19 

i?. 

21 
22 
23 
24 

25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


t 

0 

4 

8 

IS 

16 

SO 

S4 

S8 

ss 

S6 
40 

44 

48 
63 
66 


4 

8 

IS 

16 

SO 

S4 
S8 
SS 

S6 
40 
44 
48 
6S 
66 


Sine. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


4 
8 
IS 
16 
SO 
34 
38 
83 
S6 
40 

44 

48 
63 
66 


4 

8 

13 

16 

30 

34 
38 
83 
86 
40 
44 
48 
53 
66 

d4 


9 
9 
9 
9 
9 
9 
9 
9 
9 


534052 
534399 
534745 
535092 
535438 
535783 
536129 
536474 
536918 
537163 
537507 


537851 
538194 
538538 
538880 
539223 
539565 
539907 
540249 
540590 
540931 


541272 
541613 
541953 
542293 
542632 
542971 
543310 
543649 
543987 
544325 


544663 
545000 
545338 
545674 
546011 
546347 
546683 
547019 
547354 
547689 


548024 
548359 
548693 
549027 
549360 
549693 
550026 
550359 
550692 
551024 


551356 
551687 
552018 
552349 
552680 
553010 
553341 
553670 
554000 
554329 


Diff. 


578 
577 
577 
577 
576 
576 
575 
574 
574 
573 

573 
572 
572 
571 
571 
570 
570 
569 
569 
568 

568 
567 
567 
566 
566 
565 
565 
564 
561 
563 

563 
562 
562 
561 
561 
560 
560 
559 
559 
558 

558 
557 
557 
556 
556 
555 
555 
554 
554 
553 

553 
552 
552 
552 
551 
551 
550 
550 
549 
549 


Co-tecant. 


10 
10 
10 
10 
10 


465948 
465601 
465255 
464908 
464562 
10.464217 
10-463871 
463526 
463182 
462837 
462493 


10 
10 
10 
10 


10-462149 
10  -461806 
10-461462 
10-461120 
10-460777 
10*460435 
10  -460093 
10-459751 
10-459410 
10  -459069 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


458728 
458387 
458047 
457707 
457368 
457029 
456690 
456351 
456013 
455675 


10  -455337 
10  -455000 
10-454662 
10  -454326 
10.-453989 
10  -453653 
453317 
452981 
452646 
452311 


10 
10 
10 
10 


10  451976 
10-451641 
10-451307 
10  -450973 
10*450640 
10  -450307 
10  -449974 
10*449641 
10  -449308 
10-448976 


Co-nne. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•448644 
-448313 
•447982 
•447651 
•447320 
-446990 
•446659 
-446330 
•446000 
•445671 


Tangeot. 


Secant. 


561066 

561459 

561851 

562244 

562636 

563028^ 

563419 

563811 

564202 

564592 

564983 


565373 
565763 
566153 
566542 
566932 
567320 
567709 
568098 
568486 
568873 


569261 
569648 
570035 
570422 
570809 
571195 
571581 
571967 
572352 
572738 


573123 
573507 
573892 
574276 
574660 
575044 
575427 
575810 
576193 
576576 


576958 
577341 
577723 
578104 
578486 
578867 
579248 
579629 
580009 
580389 


580769 
581149 
581528 
581907 
582286 
582665 
583043 
583422 
583800 
684177 


Diff. 


Co-tang. 


655 
654 
654 

653 
653 
653 
652 
652 
651 
651 

650 
650 
649 
619 
649 
648 
648 
647 
647 
646 

646 
645 
645 
645 
644 
644 
643 
643 
642 
642 

642 
641 
641 
640 
640 
639 
639 
639 
638 
638 

637 
637 

636 
636 
636 
635 
635 
634 
634 
634 

633 
633 
632 
632 
632 
631 
631 
630 
630 
629 


Co-tang. 


10-438934 
10*438541 
438149 
437756 
437364 
436972 
436581 
436189 
435798 
435408 
435017 


10 
10 
10 
10 
10 
10 
10 
10 
10 


10  -434627 
10 -434237 
10-433847 
10-433458 
10  -433068 
10-432680 
10-432291 
10-431902 
10  -431514 
10/431127 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


430739 
430352 
429965 
429578 
429191 
428805 
428419 
428033 
427648 
427262 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


426877 
426493 
426108 
425724 
425340 
424956 
424573 
424190 
423807 
423424 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


423042 
422659 
422277 
421896 
421514 
421133 
420752 
420371 
419991 
419611 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


419231 
418851 
418472 
418093 
417714 
417335 
416957 
416578 
416200 
415823 


Tangent. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


087014 
027060 
027106 
027152 
027198 
087245 
027291 
027337 
027383 
027430 


D. 


0.027476 


•027522 
-027569 
•027615 
•027662 
•027709 
•027755 
•027802 
•027849 
•027895 
•027942 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


027989 
028036 
028083 
028130 
028177 
028224 
028271 
028318 
028365 
028412 


0  *028460 
0-028507 
0  -028554 
028602 
028649 
028697 
028744 
028792 
028839 
028887 


0 
0 
0 
0 
0 
0 
0 


0 -028934 
0-028982 
0  -029030 
029078 
028126 
029173 
029221 
029269 
029317 
029365 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


029414 
029462 
029510 
029558 
029606 
029655 
029703 
029751 
029800 
029848 


Co-aecant. 


77 
77 
77 
77 
78 
77 
77 
77 
78 
77 

77 
78 
77 
78 
78 
77 
78 
78 
77 
78 

78 
78 
78 
78 
78 
78 
78 
78 
78 
78 

80 
78 
78 
80 
78 
80 
78 
80 
78 
80 

78 
80 
80 
80 
80 
78 
80 
80 
80 
80 

82 
80 
80 
80 
80 
82 
80 
80 
82 
80 


9-972966 
9-972940 
9-978894 
9  -972848 
9-972802 
9-972755 
9-972709 
9  -972663 
9  -978617 
9  -972570 
9  -972584 


9*972478 
9  -972431 
9-972385 
9*972338 
9 -972291 
9 -972245 
9 -972198 
9 -972151 
9 -972105 
9-972058 


9-972011 
9-971964 
9-971917 
9  -971870 
9-971823 
9-971776 
9-971729 
9  -971682 
9-971635 
9*971588 


9*971540 
9 -971493 
9 -971446 
9-971398 
9*971351 
•971303 
971256 
-971208 
-971161 
•971113 


9 
9 
9 
9 
9 


-971066 
•971018 
•970970 
•970922 
-970874 
-970827 
•970779 
-970731 
'970683 
•970635 


9 -970586 
9  -970538 
9  -970490 
9  -970442 
9  -970394 
9-970345 
9 -970297 
9  -970249 
9  -970200 
9  -970152 


Sine. 


40 
16 
SS 
48 
44 
40 
U 
S3 
S8 
S4 
SO 

16 

IS 

S 

4 

aa 

66 
59 

48 
44 

40 

36 
SS 

S8 
S4 
SO 
16 
IS 
8 


54 

53 
51 
W 

49 
48 
4; 
46 
45 
44 
43 
42 
41 

ii 

39 
38 
37 
36 

34 
33 
32 


4U1 
18  30 


56 
6S 

48 
44 
40 
36 
8S 
38 
S4 
SO 

16 

IS 

8 

4 

87 

66 

63 

48 

44 

40 

S6 
S3 

88 

S4 

SO 

16 

19 

8 

4 

0 

I 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


iio  T%4 


Al*     o/;»« 


TABLE    5. 
Logaritlimic  Sines,  Tangents^  and  Secants. 


103 


Ih.  24m. 


» 
0 

4 
8 

la 
so 

24 
S8 

16 

40 

44 
4S 
51 

56 


Sine. 


4 

8 

19 

16 

30 

24 
28 
82 
86 
40 
44 
48 
52 
56 

as 

4 
8 
19 
16 
20 
24 
28 
82 
86 
40 

44 

48 
59 

56 

87 
4 
8 
19 
16 
90 

24 
28 

S9 
86 

40 
44 
48 
59 

56 


71' 


554329 
554658 
554987 
555315 
555643 
555971 
556299 
556626 
556953 
557280 
557606 


557932 
558258 
558583 
558909 
559234 
559558 
559883 
560207 
560531 
560855 


561178 
561501 
561824 
562146 
562468 
562790 
563112 
563433 
563755 
564075 


564396 
564716 
565036 
565356 
565676 
565995 
566314 
566632 
566951 
567269 


567587 
567904 
568222 
568539 
568856 
569172 
569488 
569804 
570120 
570435 


570751 

571066 
571360 
571695 
572009 
572323 
572636 
572950 
573263 
573575 


Co-BIM. 


Diff. 


548 
518 
547 
547 
546 
546 
545 
545 
544 
544 

543 
543 
543 
542 
542 
541 
541 
540 
540 
539 

539 
538 
538 
537 
537 
536 
536 
536 
535 
535 

534 
534 
533 
533 
532 
532 
531 
531 
531 
530 

530 
529 
529 
528 
528 
528 
527 
527 
526 
526 

525 
525 
524 
524 
523 
523 
523 
522 
622 
521 


Co-aecant. 


0*445671 
0  -445342 
0  -445013 
0  '444685 
0-444357 
0-444029 
443701 
443374 
44304  7 
442720 
442394 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


442068 
441742 
441417 
441091 
440766 
440442 
440117 
439793 
439469 
439145 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


438822 
438499 
438176 
437854 
437532 
437210 
436888 
436567 
436245 
435925 


435604 
435284 
434964 
434644 
0  -434324 
0  -434005 
433686 
433368 
433049 
432731 


432413 
432096 
431778 
431461 
431144 
430828 
430512 
430196 
429880 
429565 


•429249 
-428934 
-428620 
•428305 
•427991 
-427677 
•427364 
•427050 
-426737 
-426425 


Secant. 


Tangent. 


21  Degrees. 

Diff.  I  Co-tang. 


584177 
584555 
584932 
585309 
585686 
586C62 
586439 
586815 
587190 
587566 
587941 


588316 
588691 
589066 
589440 
589814 
590188 
590562 
590935 
591308 
591681 


592054 
592426 
592798 
593171 
593542 
593914 
594285 
594656 
595027 
595398 


595768 
593138 
596508 
596878 
597247 
597616 
597985 
598354 
598722 
599091 


599459 
599827 
600194 
600562 
600929 
601296 
601662 
602029 
602395 
602761 


603127 
603493 
603858 
604223 
604588 
604953 
605317 
605682 
606046 
606410 


Co-tang. 


629 
629 
628 
628 
627 
627 
627 
626 
626 
625 

625 
625 
624 
624 
623 
623 
623 
622 
622 
622 

621 
621 
620 
620 
620 
619 
619 
618 
618 
618 

617 
617 
616 
616 
616 
615 
615 
615 
614 
614 

613 
613 
613 
612 
612 
611 
611 
611 
610 
610 

610 
609 
609 
609 
608 
608 
607 
607 
607 
606 


415823 
415445 
415068 
414691 
414314 
413938 
413561 
413185 
412810 
412434 
412059 


411684 
411309 
410934 
410560 
410186 
409812 
409438 
409065 
408692 
408319 


407946 
407574 
407202 
406829 
406458 
406086 
405715 
405344 
404973 
404602 


404232 
403862 
403492 
403122 
402753 
402384 
402015 
401646 
401278 
400909 


400541 
400173 
399806 
399438 
399071 
398704 
398338 
397971 
397605 
397239 


396873 
396507 
396142 
395777 
395412 
395047 
3^4683 
394318 
393954 
393590 


TbDgent- 


Secant. 


029848 
029897 
029945 
029994 
030043 
030091 
030140 
030189 
030238 
030286 
030335 


030384 
030433 
030482 
030531 
030580 
030630 
030679 
030728 
030777 
030827 


030876 
030925 
030975 
031024 
031074 
031123 
031173 
031223 
031272 
031322 


031372 
031422 
031472 
031521 
031571 
031621 
031671 
031722 
031772 
031822 


031872 
031922 
031973 
032023 
032073 
032124 
032174 
032225 
032275 
032326 


032376 
032427 
032478 
032529 
032579 
032630 
032681 
032732 
032783 
032834 


Co-iecant. 


D. 


81 
81 
81 
81 
81 
81 
81 
81 
81 
81 

81 
82 
82 
82 
82 
82 
82 
82 
82 
82 

82 
82 
82 
82 
82 
83 
83 
83 
83 
83 

83 
83 
83 
83 
83 
83 
83 
83 
83 
84 

84 
84 
84 
84 
84 
84 
84 
84 
84 
84 

84 
84 
84 
85 
85 
85 
85 
85 
85 
85 


Co-sine. 


■970152 
-970103 
'970055 
•970006 
-969957 
-969909 
-969860 
-969811 
9  -969762 
9-969714 
9 -969665 


9 
9 
9 
9 
9 
9 
9 
9 


9.969616 
9 -969567 
9  -969518 
9  -969469 
9 -969420 
9  -969370 
969321 
969272 
969223 
969173 


969124 
969075 
969025 
968976 
968926 
968877 
968827 
9 -968777 
9 -968728 
9  -968678 


9 
9 
9 
9 
9 
9 
9 


9 
9 
9 
9 
9 
9 
9 
9 
9 


966628 
968578 
968528 
968479 
968429 
968379 
968329 
968278 
968228 


9-968178 


9 
9 
9 
9 
9 


968128 
968078 
968027 
967977 
967927 
9  -967876 
9  -967826 
9  -967775 
9  -967725 
9  -967674 


9  -967624 
9  -967573 
9  -967522 
9-967471 
9-967421 
9 -967370 
9 -967319 
9 -967268 
9-967217 
9*967166 


Sine. 


56 

52 
48 
44 
40 
86 
82 
98 
24 
20 

16 

12 

8 

4 


56 
62 
48 
44 
40 

86 

82 

28 

24 

20 

16 

19 

8 

4 

34 

56 
53 
48 
44 
40 
86 
82 
98 
94 
20 

16 
19 
8 
4 
93 
56 
59 
48 
44 
40 

86 
89 
98 

94 
90 
16 
19 

8 
4 

0 

■ 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 

il 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30^ 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

I5L 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


TT 


^  t_ 
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TABLE    6. 
Logarithmic  Sines,  Tangents,  and  Secants. 


Ih.  28  m. 


.1 


Sine. 


573575 
573886 
574200 
574512 
574824 
575136 
575447 
575758 
576069 
576379 
576689 


Diff. 


576999 
577309 
577618 
577927 
578236 
578545 
578853 
579162 
579470 
679777 


580085 
580392 
580699 
581005 
581312 
581618 
581924 
582229 
582535 
582840 


583145 
583449 
583754 
584058 
584361 
584665 
584968 
585272 
585574 
585877 


586179 
586482 
586783 
587085 
587386 
587688 
587989 
588289 
588590 
588890 


589190 
589489 
589789 
590088 
590387 
590686 
590984 
591282 
591580 
591878 


Co-une. 


521 
520 
520 
519 
519 
519 
518 
518 
517 
517 

516 
516 
516 
515 
515 
514 
514 
513 
513 
513 

512 
512 

511 
511 
511 
510 
510 
509 
509 
509 

508 
508 
507 
507 
506 
506 
506 
505 
505 
504 

504 
503 
503 
503 
502 
502 
501 
501 
501 
500 

500 
499 
499 
499 
498 
498 
497 
497 

497 
496 


Co-fleomt. 


10 -426425 
10-426112 
10  -425800 
10  -425488 
10-425176 
10  *424864 
10  -424553 
10  -424242 
10-423931 
10-423621 
10-423311 


10 -423001 
10-422691 
10-422382 
10 -422073 
10-421764 
10  -421455 
10-421147 
10  -420838 
10  -420530 
10  -420223 


10-419915 
10-419608 
419301 
418995 
418688 
418382 
418076 
417771 
417465 


10 
10 
10 
10 
10 
10 
10 


10-417160 


10-416855 
10-416551 
10-416246 
10  -415942 
10  -415639 
10-415335 
10-415032 
10-414728 
10*414426 
10-414123 


10 
10 
10 
10 
10 


413821 
413518 
413217 
412915 
412614 
10-412312 
10-412011 
10-411711 
10.411410 
10*4lill0 


TangCDt. 


22  Degrees. 
Diff. 


10-410810 
10*410511 
10-410211 
10-409912 
10  -409613 
10  -409314 
10  -409016 
10-408718 
10 -408420 
10  -408122 


Secant. 


606410 
606773 
607137 
607500 
607863 
608225 
608588 
608950 
609312 
609674 
610036 


610397 
610759 
611120 
611480 
611841 
612201 
612561 
612921 
613281 
613641 


614000 
614369 
614718 
615077 
615435 
615793 
616151 
616509 
616867 
617St4 


617582 
617939 
618295 
618652 
619008 
619364 
619721 
620076 
620432 
620787 


621142 
621497 
621852 
622207 
622561 
622915 
623269 
623623 
623976 
624330 


624683 
625036 
625388 
625741 
626093 
626445 
686797 
627149 
627501 
627852 


Co*tang. 


606 
606 
605 
605 
604 
604 
604 
603 
603 
603 

602 
602 
602 
601 
601 

601 
600 
600 
600 
599 

599 
598 
598 
598 
597 
597 
597 
596 
596 
596 

595 
595 
595 
594 
594 
594 
593 
593 
593 
592 

592 
592 
591 
591 
590 
590 

'too 

589 
589 
589 

588 
588 
588 
587 
•587 
587 
586 
586 
586 
585 


Co-tng. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


393590 
393227 
392863 
392500 
392137 
391775 
391412 
391050 
390688 
390326 
389964 


389603 
389241 
388880 
388520 
388159 
387799 
387439 
387079 
386719 
386359 


386000 
385641 
385282 
384923 
384565 
384207 
383849 
383491 
383133 
382776 


382418 
382061 
381705 
381348 
38099a 
380636 
380279 
379924 
379568 
379213 


378858 
378503 
378148 
377793 
377439 
377085 
376731 
376377 
376024 
375670 


Secant. 


375317 
374964 
374612 
374259 
373907 
373555 
373203 
372851 
372499 
372146 


TugeniU 


0  032634 
0  032885 
0  -032936 
0*032987 
0-OS3039 
0  -033090 
0-033141 
0^033192 


033915 
033967 
034019 
034071 
034124 
"034176 
034228 
034280 
034332 
034385 


0 
0 
0 
0 
M 
0 
0 
0 
0 
0 


033244 
033295 
033347 


083398 
033450 
033501 
033553 
033605 
033656 
033708 
033760 
033812 
033864 


034437 
034489 
034542 
034594 
034647 
034699 
034752 
034805 
034857 
034910 


034963 
035016 
035069 
035121 
035174 
035227 
035280 
035334 
035387 
035440 


035493 
035546 
035600 
035653 
035706 
035760 
035813 
035867 
035920 
035974 


I 


67  Degrees. 


Co-^eoiikt. 


wm^ 


D. 


85 
85 
85 
85 
85 
85 
85 
85 
86 
86 

86 
86 
86 
86 
86 
86 
86 
86 
86 
86 

86 

87 
87 
87 
87 
87 
87 
87 
87 
87 

87 
87 
87 
87 
87 
88 
88 
88 
68 
88 

88 
88 
68 
88 
88 
88 
88 
88 
89 
«9 

89 
89 
69 
89 
89 
69 
89 
69 


69 


9-967166 
9-967115 
9  -967064 
9 -967013 
9-966961 
9-966910 
9  *966659 
0-966808 
0 -966756 
9  -966705 
9-966653 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


966602 
966550 
966499 
966447 
966395 
966344 
966292 
966240 
966188 
966136 


966085 
966033 
9659S1 
965929 
965876 
9 -965824 
9 -965772 
9  -965720 
9  -965668 
9  -965615 


9 
9 
9 
9 
9 
9 
9 


965563 
965511 
965456 
965406 
965353 
965301 
965248 
9  -965195 
9 -965143 
9-965090 


965037 
•964964 
9 -964931 
9  -964879 
-964826 
-964773 
•964720 
'964666 
-964613 


9 
9 


9 
9 
9 
9 
9 


9*964560 


9  -964507 
9-964454 
9-964400 
9*964347 
9-964294 
9*«64240 
9-964I0f 
9-964133 
9*964080 
9-964026 


56 
51 

46 
14 

40 

se 

SI 

tl 

S4 

M 

le 
s 

4 
SI 
5< 
51 

48 
44 
40 

SO 
33 
IS 

14 

30 

1< 

19 

8 

4 

SO 
S3 
48 
44 
40 
SO 

ss 

30 
94 

30 

16 
13 

g 

4 

SO 
S3 
40 

Hi 

40 

SO 
S3 
90 

94 

30 

16 

19 

8 

i 

0 


64 
39 

56 
55 
54 


53 
52 

51 

!i 

4y 

48 
47 
46 
45 
44 
43 
42 
41 

ii 

3!^ 

58 
37 
36 
35 
54 
S3 
32 
31 
30^ 

29 
98 
97 
26 
25 
24 
23 
22 
21 
» 

19 
IS 
17 
16 
15 
14 
13 
12 
U 
20 

9 
'8 
7 
6 
5 
4 
3 

a 
1 

0 


4h.  28  m. 


TABLE  fi. 
l4)Bttndi]me  Smes,  Tangents/and  Secants. 


last 


llu  32m. 


2S 


0 
1 

2 
8 
i 
ft 

6 
7 
8 


• 


9 

i£ 
11 

12 

13 

14 

15 

16 

17 

18 

19 

^ 
21 
22 
23 
24 
25 
26 
27 
28 
29 

i!£ 

31 
32 
33 
34 

35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

52 
53 
54 

55 
96 

57 

58 
59 
60 


19 
16 
SO 
24 
98 
52 
56 
40 

44 
48 
55 
56 


4 

8 

15 

16 

SO 

S4 
S5 

5S 
55 

40 
44 
40 
59 
56 
84] 
4 
5 
19 
16 
90 
94 
98 
59 
96 
40 

44 
48 
59 
56 

•a 

4 
0 

MS 

so 

S4 
98 
59 
56 

40 
44 
48 
59 
56 


591878 
592176 
592473 
592770 
593067 
593363 
593659 
593955 
594251 
594547 
594842 


595137 
595432 
595727 
596021 
596315 
596609 
596903 
597196 
597490 
597783 


598075 
598368 
598660 
598952 
599244 
599536 
599827 
600118 
600409 
600700 


300990 
601280 
601670 
601860 
602150 
602439 
602728 
603017 
603305 
603594 


603882 
604170 
604457 
604745 
605032 
605319 
605606 
605892 
606179 
606465 


606751 
607036 
607322 
607607 
607892 
609177 
608461 
608745 
609029 
609313 


Dur. 


496 
495 
495 
495 
494 
494 
493 
493 
493 
492 

492 
491 
491 
491 
490 
490 
489 
489 
489 
488 

488 
487 
487 
487 
486 
486 
485 
485 
485 
484 

484 
484 
483 
483 
482 
482 
482 
481 
481 
481 

480 
480 
479 
479 
479 
478 
478 
478 
477 
477 

476 
476 
476 
475 
475 
474 
474 
474 
473 
473 


408122 
407824 
407527 
407230 
406933 
406637 
406341 
406045 
405749 
405453 
405158 


404863 
404568 
404273 
403979 
403685 
403391 
403097 
402804 
402510 
402217 


401925 
401632 
401340 
401048 
400756 
400464 
400173 
399882 
399591 
399300 


399010 
398720 
398430 
398140 
397860 
397561 
397272 
396983 
396695 
396406 


396118  9 


395830 

395543 

395255 

394968 

394681 

394394 

394108 

393821 1 9 

393535  9 


393249 
392964 
392678 
392393 
392108 
391823 
$91539 
391255 
390971 
390687 


627852 
628203 
628554 
628905 
629255 
629606 
629956 
630306 
630656 
631005 
631355 


Diff. 


Co-tens. 


631704 
632053 
632401 
632750 
633098 
633447 
633795 
634143 
634490 
634838 


635185 
635532 
635879 
636226 
636572 
636919 
637265 
637611 
637956 
638302 


638647 
638992 
639337 
639682 
640027 
640371 
640716 
641060 
641404 
641747 


642091 
642434 
642777 
643120 
643463 
643806 
644148 
644490 
644832 
645174 


645516 
645857 
646199 
646540 
646881 
647222 
647562 
647903 
648243 
648583 


Co-teng. 


585 
585 
585 
584 
584 
583 
583 
583 
583 
582 

582 
582 
581 
581 
581 
580 
580 
580 
579 
579 

579 
578 
578 
578 
577 
577 
577 
577 
576 
5764 

576 
575 
575 
575 
574 
574 
574 
573 
573 
573 

572 
572 
572 
572 
571 
671 
571 
570 
570 
570 

570 
569 
569 
569 
568 
568 
568 
567 
567 
567 


0  -372148 
0-371797 
371446 
371095 
370745 
370394 
370044 
369694 
369344 
368995 
568645 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


368296 
367947 
367599 
367250 
366902 
366553 
366205 
365857 
365510 
365162 


'364815 
•364468 
•364121 
•363774 
*363428 
-363081 
-362735 
-362389 
-362044 
•361698 


0  -361353 
0-361008 
0 -360663 
0-360318 
0-359973 
0 -359629 
359284 
358940 
358596 
358253 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


357909 
357566 
357223 
356880 
356537 
356194 
355852 
355510 
355168 
354826 


0  -354484 
0*354143 
0-353801 
0-353460 
0-353119 
0-352778 
0*352438 
0-352097 
0  -351757 
0-351417 


Tuigail. 


036566 
036621 
036675 
-036729 
036783 
036837 
036892 
036946 
037001 
037055 


035974 
036028 
036081 
036135 
036189 
036243 
036296 
036350 
036404 
036458 
036512 


037110 
037164 
037219 
037273 
037328 
037383 
037438 
037492 
037547 
037602 


037657 
037712 
037767 
037822 
037877 
037933 
037988 
038043 
038098 
038154 


038209 
038265 
038320 
038376 
038431 
038487 
038542 
038598 
038654 
038710 


038765 
038821 
038877 
038933 
038989 
039045^ 
039101 
039157 
039214 
039270 


Co-teeukt. 


D. 


89 
89 
89 
90 
90 
90 
90 
90 
90 
90 

90 
90 
90 
90 
90 
90 
90 
91 
91 
91 

91 
91 
91 
91 
91 
91 
91 
91 
91 
91 

92 
92 
92 
92 
92 
92 
92 
92 
92 
92 

92 
92 
92 
92 
93 
93 
93 
93 
93 
93 

93 
93 
93 
93 
93 
93 
93 
93 
94 
94 


9  •963054 


66  iJtgtodB* 


96402 

963 

9 

9 

963811 

963757 

963704 

963650 

963596 

963542 

963488 


963434 
963379 
963325 
963271 
963217 
963163 
963108 


962999 
962945 


962890 
962836 
962781 
962727 
962672 
962617 
962562 
962508 
962453 
962398 


962343 
962288 
962233 
962178 
962123 
962067 
962012 
961957 
961902 
961846 


961791 
961735 
961680 
961624 
961569 
961513 
961458 
961402 
961346 
961290 


961235 
961179 
961123 
961067 
961011 
960953 
960899 
960843 
960786 
960730 


Sine. 


4h.  24m. 
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TABLE  5. 
Logarithmic  Sines^  Tangents^  and  Secants. 


0 
I 

2 
3 
4 

5 
6 
7 
8 
9 
JIO 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
_30 

31 
32 
33 
34 
35 
36 
37 
38 
39 

i£ 
41 

42 

43 

44 

45 

46 

47 

48 

49 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Ih.  36m. 


0 
4 
8 
IS 
16 
90 
24 
98 
82 
86 
40 

44 

48 

S9 

56 

37 

4 

8 

12 

16 

20 

24 
28 
32 
36 
40 
44 
48 
S2 
56 


Sine. 


4 
8 
12 
16 
20 
24 
28 
82 
36 
40 

44 

48 

52 

56 

99 

4 

8 

12 

16 

20 

24 
28 
82 
36 
40 
44 
48 
59 
56 


•609313 
•609597 
•609880 
•610164 
•610447 
•610729 
•611012 
•611294 
611576 
•611858 
•612140 


•612121 
•612702 
612983 
•613264 
•613545 
•613825 
•614105 
•614385 
•614665 
•614944 


615223 
615502 
-615781 
'616060 
616338 
'616616 
-616894 
617172 
-617450 
617727 


•618004 
•618281 
•618558 
•618834 
•619110 
•619386 
•619662 
•619938 
'620213 


9  -620488 


•620763 
•621038 
•621313 
•621587 
•621861 
•622135 
•622409 
•622682 
•622956 
•623229 


Diff. 


9  -623502 
9  623774 
9^624047 
9  ^624319 
9  -624591 
9 -624863 
9-625135 
9 '625406 
9  -625677 
40!  9  -625948 


LO'Sine. 


473 
472 
472 
472 
471 
471 
470 
470 
470 
469 

469 
469 
468 
468 
467 
467 
467 
466 
466 
466 

465 
465 
465 
464 
464 
464 
463 
463 
462 
462 

462 
461 
461 
461 
460 
460 
460 
459 
459 
459 

458 
458 
457 
457 
457 
456 
456 
456 
455 
455 

455 
454 
454 
454 
453 
453 
453 
452 
452 
452 


Co-seomt. 


0-390687 
0-390403 
0*390120 
0  389836 
0  -389553 
0-389271 
0  -388988 
0-388706 
0  388424 
0-388142 
0-387860 


0-387579 
0-387298 
0-387017 
0-386736 
0  -386455 
0-386175 
0 -385895 
0-385615 
0  -385335 
0  -385056 


0-384777 
0-384498 
0-384219 
383940 
383662 
383384 
383106 
0  -382828 
0  -382550 
0-382273 


0-38199G 
0-381719 
0*381442 
381166 
380890 
380614 
380338 
380062 
379787 
379512 


24  Degrees. 

Tangent.     DifT. 


•648583 
-648923 
-649263 
-649602 
-649942 
•650281 
-650620 
•650959 
•651297 
-651636 


9-651974 


9-652312 
9  -652650 
9  -652988 
9  -653326 
9 -653663 
9  -654000 
9 -654337 
9  -654674 
9-655011 
9*655348 


9  -655684 
9  -656020 
9  -656356 
9  -656692 
9-657028 
9  -657364 
9-657699 
9  '658034 
9  -658369 
9-658704 


10-379237 
iO  -378962 
10-378687 
10-378413 
iO -378139 
•377865 
•377591 
•377318 
•377044 
10 '376771 


0 
0 
0 
0 


9  -659039 
9-659373 
9 -659708 
9 -660042 
9 -660376 
9-660710 
9  661043 
9-661377 
9-661710 
9  -662043 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


-662376 
662709 
663042 
663375 
663707 
664039 
664371 
664703 
665035 
665366 


0 
0 
0 
0 


•376498 
•376226 
-375953 
-375681 
•375409 
10-375137 
-374865 
•374594 
•374323 
•374052 


9-665697 
9  -6660^9 
9  -666360 
9-666691 
9-667021 
9  -667352 
9  -667682 
9  -668013 
9  -668343 
9*668672 


Secant.  |  Co-tang. 


566 
566 
566 
566 
565 
565 
565 
564 
564 
564 

563 

563 

563 

563 

562. 

562 

562 

561 

561 

561 

561 
560 
560 
560 
559 
559 
559 
559 
558 
553 

558 
558 
557 
557 
557 
556 
556 
556 
556 
555 

555 
555 
554 
554 
554 
554 
553 
553 
553 
553 

552 
552 
552 
551 
551 
551 
551 
550 
550 
550 


Co-tang.' 


10-351417 
10*351077 
10-350737 
10-350398 
10  -35^58 
UL?«9719 
10  -349380 
10-349041 
10-348703 
10. 348364 
10  -348026 


Secant. 


10  -039270 
10  -039326 
10  -039382 
10  039439 
10-039495 
10^039552 
10-039608 
10  -039665 
10-039721 
10-039778 
10-039835 


10.347688 
10-347350 
10-347012 
10-346674 
10-346337 
10-346000 
10-345663 
10-345326 
10-344989 
10-344652 


10-344316 
10  -343980 
343644 
343308 
342972 
342636 
342301 
341966 
341631 
341296 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•039891 
-039948 
-040005 
040062 
-040118 
040175 
040232 
040289 
040346 
040404 


10 
10 
10 
10 
10 
10 
10 
10 


340961 
340627 
340292 
339958 


10- 

10- 

10- 

10- 

10  -339624 

10.-339290 

10-338957 

10  •3386*23 

10-338290 

10-337957 


10  -337624 
10-337291 
10  -336958 
10  -336625 
10  336293 
10-335961 
10-335629 
10  -335297 
10  -334965 
10  -334634 


10-040461 
10-040518 
10-040575 
10-040632 
10-040090 
10  040747 
10-040805 
10  -040862 
10  040919 
10  040977 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•041035 
■0410li2 
041150 
041208 
011266 
041323 
041381 
041439 
041497 
041555 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10- 


-334303 
-333971 
•333640 
•333309 
•332979 
'332648 
'332318 
331987 
331657 
331328 


10-041613 
10-041671 
10-041729 
10-041787 
10-041846 
10-041904 
10-041962 
10  -042021 
10  042079 
10  042137 


10  -042196 
10-042254 
10-042313 
10-042372 
10  -042430 
10  -042489 
10  -042548 
10  -042607 
10  -042665 
10  042724 


D. 


I 


TangentTi  Co-aecant. 


94 
94 
94 
94 
94 
94 
94 
94 
94 
94 

94 
95 
95 
95 
95 
95 
95 
95 
95 
95 

95 
95 
95 
95 
95 
96 
96 
96 
96 
96 

95 
96 
96 
96 
96 
96 
96 
96 
96 
97 

97 
97 
97 
97 
97 
97 
97 
97 
97 
97 

97 
97 
98 
98 
98 
98 
98 
98 
98 
98 


:Co-siiK. 


9  -960730 
9  •960674 
9  -960618 
9 -960561 
9 -960505 
9 -960449 
9 -960392 
9 -960335 
9 -960279 
9  -960222 
9*960165 


i4| 

s< 

i! 
4S 
44 
10 
18 
IS 

n 

34 

SO 


960109 
-960052 
•959995 
•959938 
■959882 
•959825 
•959768 
-959711 
-959654 
-959596 


9 -95^539 
9 -950482 
9 -959425 
9  -959368 
9-959210 
9  -959253 
9-959195 
9-959133 
9 -950080 
9  9r.9023 


9 -958905 
9  -958003 
9  -958850 
9-958792 
9  -958734 
9-958677 
9-958619 
9  -958561 
9  -958503 
9  '958445 


S2 
51 
54. 


16149: 
IS  4S' 


9  -958387 
9  -9583*29 
9  -958271 
9  -958213 
9*958154 
9  *958096 
9  -958038r 
9  -957979 
9-957921 
9-957863 


9  -957804 
9-957746 
9  -957687 
9-957628 
9  -957570 
9  957511 
9-957452 
9 -957393 
9  -957335 
9  -957276 


Sine. 


65  Degrees. 


8 

4 

is 

56 
SS 
48 

44 
40 

36 
SS 
IB 

94 

30 
\i 
IS 

8 
4 

fit 

i6 
53 
4b 
44 
40 
36 
32 
29 
24 
30 

16 

13 

8 

4 

&1 

56 

48 
44 

40 

36 
39 
98 

94 

90 
16 
19 

8 

4 
0 

■ 


47 
46 
45 
44 
43 
4S 
41 

± 
39 
38 
37 
36 
35 
34 
33 

31 

?L 
20 

2:^ 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
IB 
17 
16 
15 
14 
13 

la 

11 
10 

9 
8 
7 
« 
5 
4 
3 
2 
1 
0 


4h.  20m. 


TABLE    6. 
Logaritlimic  Sines,  Tangents,  and  Secants. 
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Ih.  40m. 


25  Degrees. 


0 

1 

2 
3 
4 

h 
6 

7 

8 

9 

_10 

11 
12 
13 
14 
15 
16 
17 
18 
19 


0 

4 

8 

IS 

Ifi 

SO 

u 

28 
» 

S6 

40 

44 
48 
S3 
M 

41 

4 

8 

13 

16 


9 
9 
9 

9 

9 
9 
9 
9 
9 
9 
9 


62594S 
626219 
626490 
626760 
627030 
627300 
627570 
627840 
628109 
628378 
628647 


38 
S3 

S6 
40 
44 
48 
S3 
S< 


aojso 

21    34 

22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


4 
8 
13 
16 
30 
34 
38 
S3 
S6 
40 


42 
43 
44 

a 

46 

47 

48 
49 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 


41 1 44 
M 
IS 
S6 


'628916 
629185 
•609453 
'629721 
•629989 
'630257 
•630524 
•630792 
•631059 
•631326 


Diir. 


•631593 
•631859 
-632125 
-632392 
-632656 
•632928 
•633189 
•635454 
-633719 
•633964 


9-634249 
9-634514 
9-6S4778 
9  -635042 
9  -635306 
9*635570 
9-635834 
636097 
636360 
636623 


9 
9 
9 


4 

i 

IS 

16 

30 

34 
38 
SS 
S6 

40 
44 
48 
SS 
S6 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


636886 
637148 
637411 
637673 
637935 
638197 
638458 
638720 
638981 
639242 


9  -639503 
9  -639764 
9 -640024 
9-640284 
9  -640544 
9  -640804 
9  641064 
9  -641324 
9 -641583 
9-641842 


451 
451 
451 
450 
450 
450 
449 
449 
449 
448 

448 
448 
447 
447 
447 
446 
446 
446 
445 
445 

445 
444 
444 
444 

443 
443 
443 
442 
442 
442 

441 
441 
440 
440 
440 
439 
439 
439 
438 
438 

438 
[437 
1437 
437 
437 
436 
436 
436 
435 
435 

435 
434 
434 
434 
433 
433 
433 
432 
432 
432 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


374052 
373781 
373510 
373240 
372970 
372700 
372430 
372160 
371891 
371622 
371353 


371084 
370815 
370547 
370279 
370011 
369743 
369476 
369208 
368941 
368674 


368407 
368141 
367875 
367608 
367342 
367077 
366811 
306546 
366281 
366016 


365751 
365486 
365222 
364958 
364694 
364430 
364166 
363903 
363640 
363377 


363114 
362852 
362589 
362327 
362065 
361803 
361542 
361280 
361019 
360758 


360497 
360236 
359976 
359716 
359456 
359196 
358936 
358676 
358417 
358158 


TmgeDt. 


668673 

669002 

669332 

669661 

669991 

67032t^ 

670649 

670977 

671306 

671634 

671963 


672291 
672619 
672947 
673274 
673602 
673929 
674257 
674584 
674910 
675237 


Diff. 


675564 
675890 
676217 
676543 
676869 
677194 
677520 
677846 
678171 
678496 


678821 

679146  i 

679471 1 

679795 ' 

680120 

680444 

680768 

681092 

681416 

681740 


682063 
682387 
682710 
683033 
683356 
683679 
684001 
684324 
684646 
684968 


685290 
685612 
685934 
686255 
686577 
686898 
687219 
687540 
687861 
688182 


550 
549 
549 
549 
548 
548 
548 
548 
547 
547 

547 
547 
546 
546 
546 
546 
545 
545 
543 
544 

544 
544 
544 
543 
543 
543 
543 
542 
542 
542 

542 
I  541 
541 
541 
541 
540 
540 
540 
540 
539 

539 
539 
539 
538 
538 
538 
538 
537 
537 
537 

537 
536 
536 
536 
536 
535 
535 
535 
535 
534 


Co-tBDg. 


10 -331327 
10  -330998 
10  -330668 
10-330339 
10 -330009 
10 -329680 
10-329351 
10 -329023 
10 -328694 
10  -328366 
10-328037 


10-327709 
10  -327381 
10-327053 
10-326726 
10  •326398 
10-326071 
10  -325743 
10-325416 
10 -325090 
10 -324763 


10  •324436 
10-324110 
10  323783 
10  -323457 
10-323131 
10-322806 
10  -322480 
10  -322154 
10-321829 
10  -321504 


Secuit. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 -321179 1 10 
10-320854  10 
10-320529:10 
10-320205  10 
10-319880; 10 
10-319556  10 
10  -319232 !  10 
10  -318908  10 
10-318584  10 
10-318260*10 


10-317937  10 
10-317613)10 
10-317290  10 
10-316967110 
10 -316644!  10 
10*316321 1 10 
10-315999 1 10 
10-315676  10 
10-315354  10 
10-315032! 10 


10-314710 
10-314388 
10  314066 
10-313745 
10-313423 
10-313102 
10^312781 
10-312460 
10*312139 
10-311818 


C6-tuig. 


64  Degrees. 


Tangent. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


042724 
042783 
042842 
042901 
042960 
043019 
043079 
043138 
043197 
043256 
043316 


D. 


043375 
043434 
043494 
043553 
043613 
043673 
043732 
043792 
043852 
043911 


043971. 

044031! 

044091, 

044151 

044211' 

044271 

044331 

044391J 

044452 

044512 


044572 
044632 
044693 
044753 
044814 
044874 
044935 
044995 
045056 
045117 


045177 
045238 
045299 
045360 
045421 
045482 
045543 
045604 
045665 
045726 


045787 
045848 
045910 
045971 
046032 
046094 
046155 
046217 
046278 
046340 


C( 


98 
98 
98 
98 
98 
98 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
99 
99 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
101 
101 
101 
101 
101 
101 
101 
101 
101 

101 
101 
101 
101 
101 
101 
102 
102 
102 
102 

102 
102 
102 
102 
102 
102 
102 
102 
102 
103 


Coil 


9  -957276 
9-957217 
957158 
957099 
957040 
956981 
9  -956921 
9  -956862 
9  -956803 
9  956744 
9  -956684 


9 
9 
9 
9 


9 -956625 
9  -956566 
956506 
956447 
956387 
956327 
956268 
956208 
956148 
956089 


9  -956029 
9 -955969 
955909 
955849 
955789 
955729 
955669 
955609 
955548 
955488 


9  -955428 
9  -955368 
9  -955307 
9-955247 
955186 
955126 
955065 
955005 
954944 
954883 


9 
9 
9 
9 
9 
9 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


954823 
954762 
954701 
954640 
954579 
954518 
954457 
954396 
954335 
954274 


■954213 
■954152 
■954090 
■954029 
-953968 
•953906 
-953845 
•953783 
953722 
•953660 


Sine. 


86 
SS 

48 
44 

40 
86 

as 

S8 
S4 

SO 

16 
13 

8 

'  4 


S6 
SS 

48 
44 
40 

36 
SS 

38 
34 

SO 
16 
12 

8 
4 


S6 
SS 
46 
44 

40 
86 
SS 
38 
S4 
SO 

16 
13 
8 
4 
17 
S6 
63 
48 
44 
40 

86 
33 
38 

34 

SO 
16 
IS 

8 
4 
0 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40^ 

39 
38 
37 
36 
35 
34 
33 
32 
31 

52. 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10^ 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


4h.  16m. 


MAMMA 


108 


^m^Kgms^ 


TABLE    5. 
Logaritbniic  Sines,  Tangents,  and  Secanta. 


Ih.  44m. 


26  Degrees, 


Sine. 


Diff. 


9 -641842 
9  -642101 
9*642360 
9 -642618 
9 -642877 
9 -643135 
9 -643393 
9-643650 
9  -643908 
9-644165 
9  -644428 


Co-MCtnt. 


9  -644680 
9 -644936 
9 -645193 
9  -645450 
9 -645706 
9 -645962 
9 -646218 
9 -646474 
9  646729 
9 -646984 


9*647240 
9 -647494 
9-647749 
9 -648004 
9 -648258 
9*648512 
9 '648766 
9-649020 
9  -649274 
9  -649527 


9  -649781 
9 -650034 
9 -650287 
9 -650539 
9  -650792 
9 -651044 
9 -651297 
9-651549 
9 -651800 
9  -652052 


9 -652304 
9  -652555 
9-652806 
9  -653057 
9*653308 
9  -653558 
9  -653808 
9  -654059 
9  -654309 
9-654558 


9 '654808 
9  -655658 
655307 
655556 
655805 
656054 
656302 
656551 
656799 
657047 


Co-iine. 


431 

431 
431 
430 
430 
430 
430 
429 
429 
429 

428 
428 
428 
427 
427 
427 
426 
426 
426 
425 

425 
425 
424 
424 
424 
424 
423 
423 
423 
422 

422 
422 
422 
421 

421 
421 
420 
420 
420 
419 

419 
419 
418 
418 
418 
418 
417 
417 
417 
416 

416 
416 
415 
415 
415 
415 
414 
414 
414 
413 


10  -358158 
10 -357899 
10  -357640 
10 -257382 
10  -357123 
10 -356865 
10  '356607 
10 -356350 
10  -356092 
10  -355835 
10-355577 


10 '355320 
10 -355064 
10  -354807 
10  -354550 
10  -354294 
10  '354038 
10 '353782 
10*353526 
10-353271 
10  -353016 


Tuigent. 


9  -688182 
9 '688502 
9 -688823 
9 -689143 
9 -689463 
9 -689783 
9  -690103 
9 -690423 
9 '690742 
9 '691062 
9  '691381 


Diff. 


10 '352760 
10  -352506 
10 -352251 
10  '351996 
10 '351742 
10 '351488 
10  '351234 
10 -350980 
10 '350726 
10  '350473 


9-691700 
9  692019 
9  '692330 
9  '692656 
9  '692975 
9  '693293 
9 '693612 
9  '693930 
9 '694248 
9 '694566 


10 -350219 
10  '349966 
10 '349713 
10 '349461 
10 -349208 
10  '348956 
10 '348703 
10  '348451 
10  348200 
10 -347948 


10 -347696 
10  -347445 
10-347194 
10 -346943 
10  -346692 
10 -346442 
10  '346192 
10-345941 
10-345691 
10  -345442 


10  '345192 
10  -344942 
10-344693 
10 -844444 
10 -344195 
10 -343946 
10  -343698 
10-343449 
10-343201 
10  -342953 

Secant. 


9  -694883 
9  '695201 
2  -695518 
9  -695836 
9  -696153 
9 -696470 
9 -696787 
9 '697103 
9 '697420 
9  '697736 


9  -698053 
9 -698369 
9  -698685 
9  -699001 
9  '699316 
9  '699632 
9  699947 
9 '700263 
9 '700578 
9  '700893 


9 '701208 
9  -701523 
9  -701637 
9-702152 
9 -702466 
9  -702780 
9  -703095 
9  -703409 
9,-703723 
9 '704036 


9 
9 
9 
9 
9 


704350 
704663 
704977 
705290 
705603 
9 -705916 
9-706228 
9  706541 
9-706854 
9-707166 

Co-tang. 


534 

534 
534 
533 
533 
533 
533 
533 
532 
532 

532 
532 
531 
531 
531 
531 
530 
530 
530 
530 

529 
529 
529 
529 
529 
528 
528 
528 
528 
527 

527 
527 
527 
526 
526 
526 
526 
526 
525 
525 

525 
525 
524 
524 
524 
524 
523 
523 
523 
523 

523 
522 
522 
522 
522 
521 
521 
521 
521 
521 


Co«tany. 


0-308300 
0  -307981 
0  '307662 
0  '307344 
0  '307025 
0  -306707 
0  -306388 
10-306070 
0  -305752 
0 -305434 


311818 
311498 
311177 
310857 
310537 
310217 
0  -309897 
0  -309577 
0  -309258 
0  -308938 
0-308619 


0-305117 
0  '304799 
304482 
304164 
303847 
303530 
0 '303213 
0  -302897 
0  -302580 
0^302264 


0 
0 
0 
0 


0  -301947 
0-301631 
0-301315 
0  -300999 
0-300684 
0-300368 
0-300053 
0  -299737 
0  -299422 
0-299107 


0-298792 
10*298477 
0-298163 
297848 
297534 
297220 
296905 
0  '296591 
0  '296277 
0 '295964 


0 
0 
0 
0 


•295650 
-295337 
-295023 
•294710 
-294397 
•294084 
'293772 
•293459 
•293146 
•292834 


0 
0 
0 
0 
10 
0 
0 
0 
0 
0 


046340 
046401 
046463 
046525 
046587 
046648 
046710 
046772 
046834 
046896 
046958 


047020 
047082 
047145 
047207 
047269 
047331 
047394 
047456 
047519 
047581 


-047644 

047706 
047769 
047832 
047894 
04>957 
048020 
048083 
048146 
048209 


D. 


048272 
048335 
048398 
048461 
048524 
048588 
048651 
048714 
048778 
048841 


048904 
048968 
049032 
049095 
049159 
049222 
049286 
049350 
049414 
049478 


049542 
049606 
049670 
049734 
049798 
049862 
049926 
049990 
050055 
050119 


Ttogent.  I 


Co-Mcant. 


103 
103 
103 
103 
103 
103 
103 
103 
103 
103 

103 
104 
104 
104 
104 
104 
104 
104 
104 
104 

104 
104 
104 
104 
104 
105 
105 
105 
105 
105 

105 
105 
105 
105 
105 
105 
105 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

107 
107 
107 
107 
107 
107 
107 
107 
107 
107 


Co-dw. 


9'9536M|MllO 
9 '9535991  S6h9 
9 -953537 1  »U^ 
9 -9534751  uh; 
9'95341S|u]K 
9 '953352]  4«  55 
9 '953290 Ue  M 
9'95322Shi 

9*953166 
9-953104 
9-953042 


9  -952980 
9 -962918 
9 -952855 
9-952793 
9*952731 
9-952669 
9-952606 
9 -952544 
9 -952481 
9-952419 

9151356 
9-952291 
9 -952231 
9 -952168 
9 -952106 
9-952043 
9-951980 
9-951917 
9  -951854 
9-951791 


16 
11 

5 

4 
15 

Sft 
Bl 

i« 
44 

40 

U 
IS 
M 
34 

SO 

1« 
u 

8 

4 


43 
43 
41 

£ 
39 

38 

3: 

36 
35 
34 
33 
32 
31 

14^ 


9-951728  66 
9-951665  SI 
9-951602  48 
9  -951539  i  44 
9-951476  40 
9*951412  u 
9  -951349 .  u 
9-951286  M 
9  '951222 
9-951159 


54 

30 

16 
IS 


9-951096 
9-951032: 
9-9509681  8 
9-9509051  4 
9  -950841  * 
9-950778  50 
9-950714  n 
9-950650  40 
9-950586  44 
9 -950522 


9  -950458 
9  -950394 
9  -950330 
9. 950266 
9  -950202 
9  -950138 
9  -950074 
9  -950010 
9  -949945 
9  -949881 


29 
28 
27 
26 
25 
24 
23 
22 

rxi 

a 

19 
18 
17 
16 
15 
14 
13 
12 
11 


40  i£ 


Sine. 


S6 
32 
98 

94 

SO 

10 

IS 

8 

4 

0 


9 
8 
7 
6 
5 
4 
3 
2 
I 
0 


63  Degrees. 


4h.  12m. 


TABLE  5. 
Logaridimic  Sines,  TangentSj  and  Secants. 


Ih.  48m. 


27 


0 

2 

a 

4 
& 
6 
7 
S 
9 

11 
12 
U 
14 
IS 
1$ 
17 
18 
19 
JO 

21 
22 
23 
24 
25 
26 
27 
28 
29 

2« 

31 
32 
33 
34 
33 
36 
37 


■ 

0 

4 

S 

19 

16 

10 

24 


0  «7047 
9-657295 
9  -657542 
9  -657790 
9 -658037 
9-658384 
9-658531 
»t  19 -658778 
SI  1 9 -659025 
S6  9-659271 
40  9-659517 


Dur. 


44  9-659763 
4sl9-660009 
1119-660255 
••  19-660501 
40.9-660746 
419-660991 
•  9-661236 


12 
U 
90 

94 

9t 


44 
40 
f9 
Si 


9*661481 
9-661726 
9-661970 


9  -662214 
9-662450 
9-662703 
9-662946 
9-663190 
9-663433 
9-663677 
9-668920 
9-664163 


60  9-664406 


\ 


I 


9-664648 
9-664S91 
9-666133 
9-666375 

9-665617 
9-6656A9 
9-666100 
9-666Mt 


M  9-666686 

9*666634 


9-669665 
9-667606 
9-660646 

9-667786 
9-666027 
9-666267 
9-668506 
^-666746 
9-668986 
9-660235 


9-660464 
9-669703 
9-669948 
9-670181 
9-670419 
9-670656 
9-670896 
9-671134 
9-671372 
9-671609 


413 
413 
412 
412 
412 
412 
411 
411 
411 
410 

410 
410 
409 
409 
409 
409 
408 
408 
408 
407 

407 
407 
407 
406 
406 
406 
405 
405 
405 
405 

404 
404 
404 
403 
403 
408 
408 
406 
406 
406 

401 

461 
401 
401 
400 
400 
400 


Co-MCUt. 


,690 

600 
.308 
308 


397 
397 
397 
897 
396 


10 -342953 
10-342705 
10  -342458 
10  -342210 
10*341963 
10.341716 
10-341469 
10-341222 
10  -340975 
10-340729 
10 -340483 


10  -340237 

10-339991 

10-339745 

10-339499 

10-339254 

10-339009 

10-338764 

10-338519 

19-33827 

10 


Tngent. 


9*707166 
9  -707478 
707790 
708102 
708414 
708726 
709037 
709349 
709660 
9  '709971 
9-710282 


9 
9 
9 
9 
9 
9 
9 


Degrees. 
Dur. 


9-710593 

9-710904 

9-711215 

9 -711525 

9*711831 

9*713 

9-7 


520 
520 
520 
520 
519 
519 
519 
519 
519 
518 

518 
518 
518 
518 

it 


Co-tanf. 


10  -337786 

10-337541 

10-337297 

10-337054^. 

10  -33661tri  9 

10*336567 

10-336323 

10-336080 

10-335837 

10-335594 


•713696 
•714005 
•714314 
•714624 
•714933 
•715242 
•715551 
•715860 
•716168 
•716477 


10-335352 
10-335109 
10-334867 
16-334625 
10-364383 
10-364U1 
16-363900 
16-336658 
10-3a3417 
10-363176 


10  S38936 
10-362695 
10-368454 
10-332214 
10-331973 
10-331733 
10-33U94 
10-331254 
10-331014 
10-380775 


10-330536 
10-330297 
10-330058 
10-329819 
10  -329581 
10-329342 
10-329104 
10-328866 
10  -388628 
10-328391 


9  -716785 
9-717093 
9  •717401 
9  717709 
9*718017 
9*716325 
9*718636 
9-716940 
9-719246 
9-719555' 


9  *7I9862 
9-720169 
73047^ 
720786 
781089 
9*721396 
9-721703 
9*723009 
9  -733315 
9-783631 


9*722927 
9  -723232 
9-723536 
9-723844 
9-724149 
9-724454 
9  -724759 
9-725065 
9-725369 
9  -725674 


Co*ting. 


516 
516 
516 
515 
515 
515 
515 
514 
514 
514 

514 
514 
516 
516 
516 
513 
516 
512 
512 
512 

512 
512 
511 
511 
511 
511 
511 
510 
510 
510 

510 
510 
509 
509 


509 
509 
508 


508 


289407 
289096 
288785 
288475 
288164 
287854 
287544 
287234 
iO  -286924 
0  -286614 


292834 
292522 
292210 
291898 
291586 
291274 
290963 
0-290651 
0  -290340 
0  -290029 
0-289718 


0 


Secant. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


050119 
050184 
050246 
050312 
050377 
050442 
050506 
050571 
050636 
050700 
050765 


0 
0 
0 
0 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


0 
0 
0 
0 


286304 
285995 
285686 
285376 
285067 
0  -284758 
0-284449 
0*284140 
0*283838 
0*283623 


10 
10 
10 
10 
tlO 
10 
10 
10 
10 
10 


0 
0 


0 
6' 


•283215 

-282907 
-282599 
•282291 
-381983 
10*281675 
10*281667 
10-261060 
10*280752 
10*380445 


880138 
379831 
379534 
379217 
278D11 
378604 

10-378296 
0  -277991 

10*277686 
0  -277379 


O- 
0^' 
0' 
O' 
0- 
0- 


0  *277073 
0-276768 
0*276462 
0*276156 
0 -275851 
0  -275546 
0-275241 
0 -274935 
0 •274631 
0  •274326 


Tkafent. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


110 
10 
10 
10 
10 
10 
10 

10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


D. 


050830 
050895 
050960 
051025 
051090 
051155 
051220 
051285 
051350 
051416 


051481 
051546 
051612 
051677 
051743 
051808 
051874 
051940 
052005 
052071 


•052137 
052203 
052269 
052335 
052400 
052467 
052533 
052509 
052665 
052731 


032797 
0528^ 
052930 
052996 
0153063 
053129 
053196 
053362 
058329 
053396 


053462 
053529 
053596 
053663 
053730 
053797 
053864 
053931 
053998 
054065 


Co-Mcant. 


107 
107 
107 
108 
108 
108 
108 
1 

108 

108 
108 
108 
108 
108 
108 
108 
109 
109 
109 

109 
109 
109 
109 
109 
109 
109 
109 
109 
110 

110 
110 
110 
110 
110 
110 
110 
110 
110 
110 

110 
lU) 

m 
111 
111 

HI 
HI 

111 
111 
111 

111 
111 
111 
111 
111 

112 
112 
112 
112 
112 


Co-tine. 


9  '949881 
9  *949816 
9  *949752 
9  *949688 
9  *949623 
9 


429 
949364 
9  *949300 
9  •949235 


9*949170 
9  -949105 
9  *949040 
9  *948975 
9  -948910 
9  *948845 
9  -948780 
9-948715 
9-948650 
9 -948584 


9-948519 
9  -948454 
9  -948388 
9  -948323 
9  -948257 
9  -948192 
9-948126 
9  *948060 
9-947995 
9*947929 


9-947863 
9  -947797 
9  -947731 
9*947665 
9  *947600 
9  *947533 
9  *947467 
9  -947401 
9-947335 
9  -947269 


9-947203 
9-947136 
9  -947070 
9  -947004 
9  -946937 
9  -946871 
9  -946804 
9  -946738 
9  -946671 
9  -946604 


9  -946538 
9-946471 
9  -946404 
9-946337 
9  -946270 
9  -946203 
9  -946136 
9  -946069 
9-946002 
9  -945935 


Sine. 


1ft 

56 
S9 

48 

6 
S6 
89 
98 

94 

90 

16 
19 
8 
4 
11 
S6 
69 
48 
44 
40 

80 
89 
98 
94 

90 
16 
19 
8 
4 
lO 

66 
69 
48 
44 
40 
86 
89 
98 
94 
90 

16 
19 
8 
4 
0 
66 
59 
48 
44 
40 

86 
89 

98 
94 

90 
16 
19 

8 
4 
0 

■ 


60 
59 
58 

w 

6 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 

il 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

il 
9 
8 
7 
6 
5 
4 
3 
9 
1 
0 


63  DegreesT 


4h.  Sm. 


M 


110 


TABLE   6. 


TiOgarithmic  Sines,  Tangents,  and  Secants. 


Ih.  52in. 


28  Degrees. 


Sine. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

i2. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


• 

0 

4 

8 

12 

16 

30 

24 

28 

S2 

86 

40 

44 

48 
52 
66 
53 

4 

8 
12 
16 
20 

24 

28 
32 
86 
40 
44 
48 
52 
56 
54 

4 
8 
12 
16 
20 
24 
28 
32 
36 
40 

44 

48 

62 

66 

55 

4 

8 
12 
16 
20 

24 

28 
32 
36 
40 
44 
48 
52 
56 
56 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


•671609 
•671847 
•672084 
672321 
•672558 
•672795 
•673032 
•6732C8 
•673505 
•673741 
•673977 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


•674213 
-674448 
•674684 
•674919 
•675155 
•G75390 
•675624 
•675859 
•676094 
•676328 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


676562 
676796 
677030 
677264 
677498 
677731 
677964 
678197 
678430 
678663 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


•678895 
•679128 
•679360 
•679592 
•679824 
•680056 
•680288 
•680519 
•680750 
•680982 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


•681213 
■681443 
•681674 
•681905 
•682135 
•682365 
-682595 
•682825 
•683055 
'683284 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


683514 

683743 

683972 

684201 

684430 

'684658 

•684887 

•685115 

. 685343 

•685571 


( 'o-sine. 


Difr. 


396 
395 
395 
395 
395 
394 
394 
394 
394 
393 

393 
393 
392 
392 
392 
392 
391 
391 
391 
391 

390 
390 
390 
390 
389 
389 
389 
388 
388 
388 

388 
387 
387 
387 
387 
386 
386 
386 
385 
385 

385 
385 
384 
384 
384 
384 
383 
383 
383 
383 

382 
382 
382 
382 
381 
381 
381 
380 
380 
380 


Co-secant. 


328391 
328153 
327916 
327679 
327442 
327205 
326968 
326732 
326495 
326259 
326023 


325787 
325552 
323316 
325081 
324845 
324610 
324376 
324141 
323906 
323672 


Tangent. 


323438 
323204 
322970 
322736 
322502 
322269 
322036 
321803 
321570 
321337 


321105 
320872 
320640 
320408 
320176 
319944 
319712 
319481 
319250 
319018 


318787 1 9 

318557  9 

318326  9 

318095  9 

317865  9 

317635  9 

317405  9 

317175  9 


316945 
316716 


9 
9 


316486 
316257 
316028 
315799 
315570 
315342 
315113 
314885 
314657 
314429 


725674 
725979 
726284 
726588 
726892 
727197 
727501 
727805 
728109 
728412 
728716 


729020 
729323 
729626 
729929 
730233 
730535 
730838 
731141 
731444 
731746 


732048 
732351 
732653 
732955 
733257 
733558 
733860 
734162 
734463 
734764 


735066 
735367 
735668 
735969 
736269 
736570 
736871 
737171 
737471 
737771 


738071 
738371 
738671 
736971 
739271 
739570 
739870 
740169 
740468 
740767 


741066 
741365 
741664 
741962 
742261 
742559 
742858 
743156 
743454 
743752 


Secant,  i  Co-tang. 


Diff.  I  Co-tang. 


508 
508 
507 
507 
607 
507 
507 
506 
506 
506 

506 
506 
505 
505 
505 
505 
505 
504 
504 
504 

504 
504 
503 
503 
503 
503 
503 
503 
502 
502 

502 
502 
502 
501 
501 
501 
501 
501 
500 
500 

600 
500 
500 
500 
499 
499 
499 
499 
499 
498 

496 
498 

498 
498 
498 
497 
497 
497 
497 
497 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
10 
10 
10 
10 
10 
HT 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


274326 
274021 
273716 
273412 
273108 
272803 
272499 
272195 
271891 
271588 
271284 

270980 
270677 
270374 
270071 
269767 
269465 
269162 
268859 
268556 
268254 


267952 
267649 
267347 
267045 
266743 
266442 
266140 
265838 
265537 
265236 


264934 
264633 
264332 
264031 
263731 
263430 
263129 
262829 
262529 
262229 


261929 
261629 
261329 
201029 
260729 
260430 
260130 
259831 
259532 
259233 


258934 
258635 
258336 
258038 
257739 
257441 
257142 
256844 
256546 
256248 


Tangent. 


Secant. 


054065 
054132 
054200 
054267 
054334 
054402 
054469 
054536 
054604 
054672 
054739 


054807 
054875 
054942 
055010 
055078 
055146 
055214 
055282 
055350 
055418 


055486 
055554 
055623 
055691 
055759 
055828 
055896 
055964 
056033 
056101 


056170 
056239 
056307 
056376 
056445 
056514 
056583 
056652 
056721 
056790 


056859 
056928 
056997 
057066 
057136 
057205 
057274 
057344 
057413 
057483 


057552 
057622 
057692 
057761 
^4^7831 
057901 
057971 
058041 
058111 
058181 


Co*aecaat. 


D. 


112 
112 
112 
112 
112 
112 
112 
113 
113 
113 

113 
113 
113 
113 
113 
113 
113 
113 
113 

lis 

114 
114 
114 
114 
114 
114 
114 
114 
114 
114 

114 
114 
114 
115 
115 
115 
115 
115 
115 
115 

115 
115 
115 
115 
115 
115 
116 
116 
116 
116 

116 
116 
116 
116 
116 
116 
116 
116 
116 
117 


Co-aine. 


•945935 
•945868 
945800 
945733 
945666 
945598 
945531 
945464 
945396 
945328 
945261 


945193 
945125 
945058 
944990 
944922 
944854 
944786 
944718 
944650 
9445B2 


944514 
944446 
944377 
944309 
944241 
944172 
944104 
944036 
943967 
943899 


948830 
943761 
943693 
-943624 
•943555 
•943486 
•943417 
•943348 
•943279 
•943210 


•943141 
•94307i 
•943003 
•942934 
•942864 
•942795 
•942726 
•942656 
•942587 
•942517 


-942446 

•942S78 

•942306 

•942239 

•942169  J 

•942699 

•942029 

•941959 

•941889 

-941819 


M 
52 
48 

44 
40 
34 
31 
28 
24 
28 

14 
12 
8 
4 
7 
54 
52 
48 
44 
40 

36 
32 
28 
24 
28 
14 
II 
8 
4 
6 

16 
52 
48 
44 
40 
36 
32 
28 
24 
M 

16 
12 
8 
4 
6 
66 
52 
48 
44 
46 

96 

32 

25 

24 

20 

16 

12 

8 

4 

0 


39 
» 

S6 
S& 
51 
53 
52 
51 
W 

49 

48 
47 
46 

45 
44 
43 
4! 

41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 

!L 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
]< 
15 
14 
13 
12 
II 

li 
9 

8 

7 

6 

5 

4 

5 

2 

I 

0 


61  Degpeesi 


4li.  4ni. 


IIL 


TABLE  5. 
Logarithmic  Sines,  Tangents,  and  Secants. 


lb.  56m. 


0 

1 

2 
3 
4 
5 
6 

7 
8 
9 

U 
12 
13 
14 
15 
16 
17 
18 
19 
20^ 

21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 

i?. 
41 

42 

43 

44 

45 

46 

47 

4« 

49 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 

1 


a 

0 

4 

8 
13 
16 
30 
34 
38 
33 
36 
40 

44 

48 

53 

56 

07 

4 

8 

13 

16 

30 

34 
36 
33 
S6 
40 
44 
48 
53 
56 
081 

4 
8 
13 
16 
30 
34 
38 
S3 
86 
40 

44 

48 

53 

56 

SB 

4 

8 

•3 

16 

30 


Sine. 


9  -685571 
9  '685799 
9  -686027 
9 -686254 
9 -686482 
9 -686709 
9-686936 
9-687163 
9 -687389 
9-687616 
9 -687843 


9 '688069 
9  688295 
9-688521 
9-688747 
9 -688972 
9  689198 
9-689423 
9  -689648 
9  -689873 
9  ^90098 


690323 
690548 
690772 
690996 
691220 
691444 
691668 
9 -691892 
9-692115 
9 '692339 


9  692562 
9 -692785 
9*693008 
9  693231 
9 -693453 
9 -693676 
9 -693898 
9-694120 
9 -694342 
9 '694564 


34 
38 

33 
36 

iO 

u 

48 
53 

56 

eo 


9 -694786 
9 -695007 
9 -695229 
9  -695450 
9 -695671 
9 -695892 
9-696113 
9  '696334 
9  -696554 
9  -696775 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


696995 
697215 
697435 
697654 
697874 
698094 
698313 
698532 
698751 
698970 


Diff. 


Co-dne. 


380 
379 
379 
379 
379 
378 
378 
378 
378 
377 

377 
377 
377 
376 
376 
376 
376 
375 
375 
375 

375 
374 
374 
374 
374 
373 
373 
373 
373 
372 

372 
372 
371 
371 
371 
371 
370 
370 
3^0 
370 

369 
369 
369 
369 
368 
368 
368 
368 
367 
367 

367 
367 
366 
366 
366 
366 
365 
365 
365 
365 


Co-iecant. 


314429 
314201 
313973 
313746 
313518 
313291 
313064 
312837 
312611 
312384 
312157 


311931 
311705 
311479 
311253 
311028 
310802 
310577 
310352 
310127 
309902 


309677 
309452 
309228 
309004 
308780 
308556 
308332 
"^08100 
307885 
307661 


307438 
307215 
306992 
306769 
306547 
306324 
306102 
305880 
305658 
305436 


305214 
304993 
304771 
304550 
304329 
304108 
303887 
303666 
303446 
303225 


303005 
302785 
302565 
302346 
302126 
301906 
301687 
301468 
301249 
30|010 


Tangent. 


9 
9- 

9 
9 
9 
9 
9 
9 
9 
9 


43752 
44050 
44348 
44645 
44943 
45240 
45538 
45835 
46132 
46429 
46726 


47023 
47319 
47616 
47913 
48209 
48505 
48801 
49097 
49393 
49689 


49985 
50281 
50576 
50872 
51167 
51462 
51757 
52052 
52347 
52642 


52937 
53231 
53526 
53820 
54115 
54409 
54703 
54997 
55291 
55585 


55878 
56172 
56465 
56759 
57052 
57345 
57638 
57931 
58224 
58517 


58810 
59102 
59395 
59687 
59979 
60272 
60564 
60856 
61148 
61439 


Secant^  |  Co^tong. 


_29  j)egrees. 


Diff. 


496 
496 
496 
496 
496 
496 
495 
495 
495 
495 

495 
494 
494 
494 
494 
494 
494 
493 
493 
493 

493 
493 
493 
492 
492 
492 
492 
492 
491 
491 

491 
491 
491 
491 
490 
490 
490 
490 
490 
490 

489 
489 
489 
489 
489 
489 
488 
488 
488 
468 

488 
488 
487 
487 
487 
487 
487 
487 
486 
486 


Co-tang. 


256248 
255950 
255652 
255355 
255057 
254760 
254462 
254165 
253868 
253571 
253274 


252977 
252681 
252384 
252087 
251791 
251495 
251199 
250903 
250607 
250311 


250015 
249719 
249424 
249128 
248833 
248538 
248243 
247948 
247653 
247358 


247063 
246769 
246474 
246180 
245885 
245591 
245297 
245003 
244709 
244415 


244122 
243828 
243535 
243241 
242948 
242655 
242362 
242069 
241776 
241483 


241190 
240898 
240605 
240313 
240021 
239728 
239436 
239144 
238852 
238561 


Tangmt* 


Secant. 


058181 
058251 
058321 
058391 
058461 
058531 
058602 
058672 
058742 
058813 
058883 


058954 
059025 
059095 
059166 
059237 
059307 
059378 
059449 
059520 
059591 


059662 
059733 
059804 
059875 
059946 
060018 
060089 
060160 
060232 
060303 


060375 
060446 
060518 
060590 
060661 
060733 
060805 
060877 
060948 
061020 


061092 
061164 
061237 
061309 
061381 
061453 
061525 
061598 
061670 
061742 


061815 
061887 
061960 
062033 
062105 
062178 
062251 
062324 
062396 
062469 


Co-secant. 


11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

117 
118 
118 
118 
118 
118 
118 
118 
118 
118 

118 
118 
118 
118 
119 
119 
119 
119 
119 
119 

119 
119 
119 
119 
119 
119 
120 
120 
120 
120 

120 
120 
120 
120 
120 
120 
120 
120 
121 
121 

121 
121 
121 
121 
121 
121 
121 
121 
121 
121 


Co-aine 


941819 
941749 
941679 
941609 
941539 
941469 
941398 
941328 
941258 
941187 
941117 


941046 
940975 
940905 
940834 
940763 
940693 
940622 
940551 
940480 
940409 


940338 
940267 
940196 
940125 
940054 
939982 
939911 
939840 
939768 
939697 


939625 
939554 
939482 
939410 
939339 
939267 
939195 
939123 
939052 
938980 


938908 
938836 
938763 
938691 
938619 
938547 
938475 
938402 
938330 
938258 


938185 
938113 
938040 
937967 
937895 
937822 
937749 
937676 
937604 
937531 

Sine. 


4 
56 
53 
48 
44 
40 
86 
S3 
38 
34 
30 

16 

13 

8 

4 

a 

56 
52 
48 
44 

40 

86 
S3 
38 
34 

30 

16 

13 

8 

4 

a 

56 
53 
48 
44 
40 
86 
83 
38 
34 
30 

16 

13 

8 

4 

1 

56 

53 

48 

44 

40 

86 
83 

38 
34 

30 

16 

13 

8 

4 
0 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 

21 
9 

8 
7 
6 
5 
4 
3 
2 
1 
0 


ir 


60  Degrees. 


4h.  Om. 
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TABLE    fi. 
Logntfamic  Sine^  Tmgenli,  udSemte. 


0 

1 

2 
3 
4 
S 
6 
7 
8 
9 

i£ 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 
25 
26 
27 


29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
JjO 

51 
52 
53 
54 
55 
56 
57 
56 
59 
60 


2h.  Om. 


80  Degrees. 


4 
IS 

u 
s« 

%4 
SB 
SS 
B6 

40 

44 
48 
51 

66 

I 

4 

8 

19 

16 

SO 

94 
98 
SS 
S6 

40 
44 
48 
09 

66 

a 

4 
8 
IS 
16 
SO 
S4 
S8 
S9 
S6 
40 

44 
48 
69 
66 

a 

4 

8 

19 

16 

90 

94 
98 
S9 
S6 

^ 
44 

48 
69 
60 

4 


698976 

699189 

699407 

699626 

699844 

00062 

60280 

00408 

00716 

00933 

01151 


01368 
01585 
01802 
02019 
02236 
02452 
02669 
02885 
03101 
03317 


03533 
03749 
03964 
04179 
04395 
04610 
04825 
05040 
05254 
05469 


05683 
05898 
06112 
06326 
<]#539 
06753 
06967 
07180 
07393 
07606 


0781? 
08032 
08245 
08458 
06670 
08882 
09094 
09306 
09518 
09730 


09941 
10153 
10364 
10575 
10786 
10997 
11208 
11419 
11629 
11839 


9 
9 
9 
9 
9 
9 
9 
9 
9 

9 

Co-aine. 


mr. 


864 
364 
864 
364 
368 
363 
363 
363 
363 


362 
862 
362 

361 
361 
361 
861 


360 
360 

360 
359 
359 
859 
359 
359 
358 
358 
358 
358 

857 
357 

357 
357 
356 
356 
356 
356 
855 
355 

855 
855 
854 
354 
354 
354 
353 
853 
358 
353 

363 
352 
352 
352 
352 
351 
351 
351 
351 
356 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Iff 

10 
10 
10 
10 
10 
10 
10 
10 
10 


301030 
300811 
300593 
300374 
300156 
299938 
299720 
299502 
299284 
299067 
298849 


298632 

298415 
298198 
297981 
297764 
297548 
297331 
297115 
296899 
296683 


296467 
296251 
296036 
295821 
295605 
•95390 
295175 
294960 
294746 
294531 


10  •294317 
10-294102 
10*293888 
10*293674 
10-293461 
10  -293247 
10 -293033 
10  '292820 
10  -292607 
10-292394 


892181 
291968 
291755 
291542 
291330 
291118 
290900 
290694 
290482 
290270 


290059 
269847 
289636 
289425 
289214 
289003 
288792 
288581 
288371 
268161 


Eecmi. 


-761439 
-761731 
•762023 
-762314 
-762606 
•762897 
'763188 
•763479 
763770 
764061 
764352 


•764643 
764933 
•765224 
-765514 
-765805 
-766095 
•766385 
•766675 
•766965 
•767255 


-767545 
•767834 
*768124 
•768414 
•768703 
•768992 
•769281 
•769570 
•769860 
-770148 


•770437 
-770726 
*771015 
•771303 
-771592 
•771880 
•772168 
•772457 
•772745 
•773033 


9 


773321 
773668 
773896 
774184 
774471 
774759 
775046 
775333 
775621 
775966 


9*776195 
9 -776482 
0 -776769 
9 -777055 
9-777342 
9 •777628 
9777915 
9  778201 
9 -778487 
9 -778774 


r- 


Co-teng. 


Diir. 


486 
486 
486 
486 
485 
485 
485 
485 
485 
485 

485 
484 
464 
484 
484 
484 
484 
483 
483 
483 

483 

483 
483 
482 
482 

482 
482 
482 
462 
481 

481 
481 
481 
481 
461 
481 
480 
480 
480 
480 

460 
460 
460 
479 
479 
479 
479 
479 
479 
478 

478 
478 
478 
478 
476 
478 

477 
477 

477 
477 


10  •238561 
10-238269 
10-237977 
10  •237686 
10  -237394 
10 -237103 
10  •236812 
10-236521 
10-236236 
16*235939 
10 •235648 


10-235357 
10-235067 
10  -234776 
10 •234486 
16*234195 
10 •233905 
10-233615 
10-233325 
10-233035 
10*232745 


10-232455 
10 •232166 
16  •231876 
10 •281586 
10 -231297 
10-231008 
10*230719 
10 '130430 
10^230140 
10*229852 


10 •229563 
10*229274 
10 •228985 
10  *228697 
16 '228406 
16*228120 
10  •227832 
10 -227543 
10*227255 
10*226967 


10  •226679 
10  *226392 
16*226104 
10 •225816 
10  -225529 
10  •225241 
10  -224954 
10*224^67 
16 -224379 
iO  -224092 


10*223605 
10  -223518 
10*223231 
10  -222945 
16  -222658 
16-222379 
10*222065 
10 •221799 
10-2215li 
10*221226 


0-662469 
0-062542 
0*062615 
0*668668 
0-062762 
0*062835 
0-062908 
062961 
063054 
063128 
063201 


0-063275 
0*063348 
6*063422 
0*063495 
0-063569 
0*063643 
0  •063716 
0*063790 
0-063664 
0-063938 


6-664012 
6-064086 
0*064166 
0*064234 
0*064308 
0-064382 
0-064457 
6*064531 
0-064605 
0-064686 


0  •064754 
0*064829 
6*064903 
0*064976 
0 •065052 
0*065127 
6  •065262 
0*065277 
0*065351 
0-065426 


6*665501 
0  *065576 
6*665651 
6*665726 
0*065801 
0  •065877 
0*065952 
0*666027 
0  -066162 
6*066178 


0-066253 
0*066329 
6*066464 
0-066480 
0*066555 
0*066631 
6  •066767 
6*066783 
0  •066859 
0-066934 


Tugent  r 


Co 


D. 


121 
122 
122 
122 
122 
122 
122 
122 
122 
122 

122 
122 
123 
123 
123 
123 
123 
123 
123 
123 

123 
123 
123 
123 
124 
124 
124 
124 
124 
124 

124 
124 
124 
124 
124 
124 
124 
125 
125 
125 

125 

125 
125 
125 
125 
125 
125 
125 
125 
126 

196 
186 
126 
126 
126 
U6 
126 
126 
126 
126 


9-987531 
9  -9374SB 

9-93738» 
9-93731t 
9-937238 
9  -937163 
9*937092 
9  -937619 
9-936M6 
9  •936678 
9-936799 


9-936723 
9-936652 
9*936578 

9*936565 
9-936131 
9*936357 
9-936284 
9-936216 
9-936136 
9-936662 


9-935988 
9-935914 
9*935846 
9  -935766 
9*935692 
9*935618 
9-935543 
9-935469 
9*935395 
9*935826 


M 
SI 
41 
41 
40 
U 
SS 
91 
14 
ft 

II 

IS 

6 

4 

80 

66 

II 

41 

44 

40 

M 

II 

91 

94 

90 

II 

It 

0 

4 


9 -935246 
9-935171 
9-935097 
9-935022 
9-934948 
9  -934873 
9-934796 
9-934723 
9*934649 
9-984574 


0 -934499 
9 -934484 
9 -934349 
9-934274 
9-934199 
9*934123 
i  *934048 
9-933973 
9-933896 
9-933622 

9 -933747 
9 -933671 

J  -933596 
•933520 
J  -933445 
-933369 
9*933293 
9*933217 
9  -933141 
9-933066 


H 
61 
46 
44 
40 
M 
19 
90 
94 


II 
IS 

8 

4 
87 
61 
IS 
48 
44 
40 
16 

It 
SO 
94 

90 

16 

II 

6 

4 
0 


» 
M 
57 
U 
» 
M 
U 
53 
51 

*?. 

41 

48 

4! 
41 
45 
44 
43 
41 
41 

ii 
Sf 

18 

31 
31 
35 
34 
SS 
31 
31 

» 
t8 

37 
16 
SS 
S4 
33 
32 
31 

II 
16 
17 


16 
15 
14 
IS 
IS 
U 
13 

9 

8 

r 

6 

5 
4 
3 
t 

I 
0 


59  Degrees. 


T-PT" 


Sh*  SGni* 


TABLE    5. 
Logaritlimic  Sines,  Tangents,  and  Secants. 


113 


2h.  4m. 


I 


0 

1 

2 
3 
4 

5 
6 
7 
8 
9 

ii 
U 

12 

13 

14 

15 

IC 

17 

18 

19 

JO 

21 
22 
23 
24 
25 
26 
27 
28 
29 

ii 

31 
32 
33 
34 
35 
36 
37 
38 
39 

41 
42 
43 
44 
45 
46 
47 
48 
49 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


0 
4 
6 
13 
16 
SO 
94 
98 
89 
36 
40 

44 
48 
59 

56 

5 

4 

8 

19 
16 
SO 

34 
98 
39 

S6 
40 
44 
48 
59 
56 
6 

4 
8 

19 
16 
20 
94 
98 
39 
36 
40 

44 

48 

59 

56 

7 

4 

8 

19 

16 

90 

24 
98 
89 

36 
40 
44 
48 
59 
56 
8 


Sine. 


Diff. 


9*711859 


712050 
712260 
712469 
9-712679 
9-712889 
713098 
713308 
713517 
713762 
713935 


9-714144 
9-714352 
9-714561 
9-714769 
9-714978 
9-715186 
9  -715394 
9-715602 
9  -715809 
9-716017 


9-716224 
9  -716432 
9-716639 
9-716846 
9-717053 
9-717259 
9-717466 
9-717673 
9-717879 
9  -718085 


9-718291 
9-718497 
9-718703 
9-718909 
9*719114 
9-719320 
9-719525 
9-719730 
9-719935 
9-720140 


720345 
720549 
720754 
720958 
721162 
721366 
9-721570 
9  -721774 
9-721978 
9-722181 


9-722385 
9-722588 
9 -722791 
9-722994 
9-723197 
9-723400 
9 -723603 
9-723805 
9 -724007 
9  724210 


Conine. 


350 
350 
350 
349 
349 
349 
349 
349 
348 
348 

348 
348 
347 
347 
347 
347 
346 
346 
346 
346 

346 
345 
345 
345 
345 
345 
344 
844 
344 
844 

343 
343 
343 
343 
343 
342 
342 
342 
342 
341 

341 
341 
341 
340 
340 
340 
340 
340 
339 
339 

339 
339 
339 
338 
338 
338 
338 
337 
337 
337 


Co-secant. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


288161 
287950 
287740 
287531 
287321 
287111 
286902 
286692 
286483 
286274 
286065 


10  '285856 
10  -285648 
10-285439 
10-285231 
10 -285022 
10*284814 
10  -284606 
10-284398 
10-284191 
10  -283983 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


283776 
283568 
283361 
283154 
282947 
282741 
282534 
282327 
282121 
281915 


10-281709 
10-281503 
10-281297 
10-281091 
10  -280886 
10 -280680 
10-280475 
10-280270 
10  -280065 
10-279860 


10 
10 
10 
10 
10 
10 
10 


279655 
279451 
279246 
279042 
278838 
278634 
278430 
10  -278226 
10  -278022 
10-277819 


10 
10 
10 
10 
10 
10 
10 
10 
10 


•277615 
•277412 
•277209 
•277006 
-276803 
-276600 
•276397 
•276195 
•275993 


10-275790 


Secant. 


31  Degrees. 


Tangent. 


■778774 
•779060 
■779346 
•779632 
•779918 
'780203 
•780489 
•780775 
•781060 
■781346 
•781631 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


781916 
782201 
782486 
782771 
783056 
783341 
783626 
783910 
784195 
784479 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


784764 
785048 
785332 
785616 
785900 
786184 
786468 
786752 
787036 
787319 


•787603 
•787886 
•788170 
•788453 
•788736 
•789019 
•789302 
•789585 
-789868 
•790151 


•790433 
■790716 
•790999 
■791281 
•791563 
•791846 
•792128 
•792410 
•792692 
•792974 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


793256 
793538 
793819 
794101 
794383 
794664 
794945 
795227 
795508 
795789 


Diff. 


Co.tang. 


477 
477 
477 
476 
476 
476 
476 
476 
476 
476 

475 
475 
475 
475 
475 
475 
475 
474 
474 
474 

474 
474 
474 
474 
473 
473 
473 
473 
473 
473 

473 
472 
472 
472 
472 
472 
472 
472 
471 
471 

471 
471 
471 
471 
471 
470 
470 
470 
470 
470 

470 
470 
469 
469 
469 
469 
469 
469 
469 
468 


Co-tang. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 


221226 
220940 
220654 
220368 
220082 
219797 
219511 
219225 
218940 
218654 
218369 


Secant. 


10  -066934 
10*067010 
067086 
067162 
067238 
067315 
067391 
067467 
067543 
067620 
067696 


10 
10 
10 
10 
10 
10 
10 
10 
10 


218084 
217799 
217514 
217229 
216944 
216659 
216374 
216090 
215805 
215521 


-215236 
■214952 
•214668 
•214384 
•214100 
•213816 
•213532 
-213248 
•212964 
•212681 


10-212397 
10-212114 
10-211830 
10-211547 
10-211264 
10-210981 
10  -210698 
10-210415 
10-210132 
10 -209849 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


209567 
209284 
209001 
208719 
208437 
208154 
207872 
207590 
207308 
207026 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


067772 
067849 
067925 
068002 
068079 
068155 
068232 
068309 
068386 
068463 


10-068540 
10-068617 
10 -068694 
10-068771 
10  -068848 
10-068925 
10-069002 
10 -069079 
10-069157 
10  -069234 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


069312 
069389 
069467 
069544 
069622 
069700 
069777 
069855 
069933 
070011 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


070089 
070167 
070245 
070323 
070401 
070479 
070558 
070636 
070714 
070793 


206744 
206462 
206181 
205899 
205617 
205336 
10*205055 
10-204773 
10-204492 
10-204211 


10.070871 
10-070950 
10  071028 
10-071107 
10-071185 
10  071264 
10  071343 
10  071422 
10-071501 
10-071580 


D. 


Tangent.  1  Co-aecant. 


126 
127 
127 
127 
127 
127 
127 
127 
127 
127 

127 
127 
127 
128 
128 
128 
128 
128 
128 
128 

128 
128 
128 
129 
129 
129 
129 
129 
129 
129 

129 
129 
129 
129 
129 
129 
130 
130 
130 
130 

130 
130 
130 
130 
130 
130 
130 
130 
131 
131 

131 
131 
131 
131 
131 
131 
131 
131 
131 
131 


Co»aine. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


933066 
932990 
932914 
932838 
932762 
932685 
932609 
932533 
932457 
932380 
932304 


932228 
932151 
932075 
931998 
931921 
931845 
931768 
931691 
931614 
931537 


931460 
931383 
931306 
931229 
931152 
931075 
930998 
930921 
930843 
930766 


930688 
930611 
930533 
930456 
930378 
930300 
930223 
930145 
930067 
929989 


929911 
929833 
929755 
929677 
929599 
929521 
929442 
929364 
929286 
929270 


929129 
929050 
928972 
928893 
92B815 
928736 
928G57 
928578 
928499 
928420 


««,60 
56  59 
52,58 
*8,57 
**  56 
40  55 


36 
32 
28 
24 


54 
53 
52 
51 


ao,50 

18|49 

12  48 

8  47 

*  46 

W  45 


56 
52 
48 
44 


44 
43 
42 
41 


40  40^ 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 


Sine. 


36 
32 
28 
24 
20 
16 
12 
8 
4 
54 

56 
52 
48 
44 
40 
86 
32 
28 
24 
20 

16 
12 
8 
4 
53 
56 
52 
48 
44 
40 

36 
32 
28 
94 

90 

16 

19 

8 

4 
0 


29 
28 
27 
26 
25 
24 
23 
22 
21 

19 
18 
17 
16 
15 
14 
13 
12 
11 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


if 


e  o  T\_ . 


c»l- 


en. 
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TABLE    e. 
Logarithmic  Sines^  Tangents,  and  Secants; 


2h.  8m. 


0 
1 

2 
3 

4 
5 
6 
7 
8 
9 
JO 

11 
12 
13 
14 
15 
16 
17 
18 
19 

^ 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
5H 

no 

CO 


• 

0 
4 
8 
19 
16 
90 
94 
98 
89 
86 
40 

44 

48 
69 
56 

4 

8 

19 

16 

90 

94 
98 
89 

86 
40 
44 
48 
89 
86 
lO 

4 

8 
19 
16 
90 
94 
98 
32 
36 
40 

44 

48 
59 
56 
11 

4 

8 

)9 

16 

20 

I  24 

26 
32 
36 
40 
44 
48 
59 
56 
12 


Sine. 


9*724210 
9*724412 
9*724614 
9-724816 
9*725017 
9*725219 
9*725420 
9*725622 
9*725823 
9*726024 
9*720225 


9  726426 
9*726626 
9*726827 
9*727027 
9*727228 
9*727428 
9*727628 
9*727828 
9*728027 
9*728227 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


728427 
728626 
728825 
729024 
729223 
729422 
729621 
729820 
730018 
730217 


•730415 
•730613 
•730811 
•731009 
•731206 
•731404 
•731602 
731799 
731996 
732193 


9 '732390 
9*732587 
9-732784 
9*732980 
9*733177 
9-733373 
9-733569 
9*733765 
9*733961 
9*734157 


Diff. 


9*734353 
9*734549 
9-734744 
9-734939 
9*735135 
735330 
735525 
735719 
735914 
73G109 


*  o-sine. 


337 
337 
336 
336 
336 
336 
335 
335 
335 
335 

335 
334 
334 
334 
334 
334 
333 
333 
333 
333 

333 
332 
332 
332 
332 
331 
331 
331 
331 
330 

330 
330 
330 
330 
329 
329 
329 
329 
329 
328 

328 
328 
328 
328 
327 
327 
327 
327 
327 
326 

326 
326 
326 
325 
325 
225 
325 
325 
324 
324 


Co>iecaiit. 


10 
10 
10 
10 
10 


275790 
275588 
275386 
275184 
274983 
10-274781 
10*274580 
274378 
274177 
273976 
273775 


10 
10 
10 
10 


10-273574 
10-273374 
10*273173 
10*272973 
10*272772 
10*272572 
10*272372 
10*272172 
10*271973 
10-271773 


10*271573 
10*271374 
10*271175 
10*270976 
10-270777 
10  -270578 
10*270379 
10-270180 
10*269982 
10*269783 


10 -269585 
10*269387 
10*269189 
10-268991 
10-268794 
10  -268596 
10-268398 
10*268201 
10*268004 
10*267807 


32  Degrees. 


Ttogent. 


795769 
796070 
796351 
796632 
796913 
797194 
797475 
797755 
9*798036 
9-798316 
9*798596 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


798877 
799157 
799437 
799717 
799997 
800277 
800557 
800836 
801116 
801396 


9*801675 
9*801955 
802234 
802513 
802792 
803072 
9*803351 
9  '803630 
9  803908 
9*804187 


10 
10 
10 
10 
10 
10 
10 


267610 
207413 
267216 
267020 
266823 
266627 
266431 
10-266235 
10.266039 
10*265843 


10-265^)17 
10-265451 
265256 
265061 
264865 
264670 
264475 
264281 
264086 


10 
10 
10 
10 
10 
10 
10 


9*804466 
9*804745 
9  805023 
9  *805302 
9  *805580 
9  -805859 
9-806137 
9-806415 
9  -806693 
9-800971 


Diff. 


9-807249 
9*807527 
9*807805 
808083 
808361 
808638 
808916 
809193 
809471 
809748 


10-263891 


Secant. 


9-810025 
9*810302 
9*810580 
810857 
811134 
811410 
811687 
811964 
812241 


9*812517 


Co -tang. 


468 
468 
468 
468 
468 
468 
468 
467 
467 
467 

467 
467 
467 
467 
467 
466 
466 
466 
466 
466 

466 
466 
466 
465 
465 
465 
465 
465 
465 
465 

465 
464 
464 
464 
464 
464 
464 
464 
464 
464 

463 
463 
463 
463 
463 
463 
463 
462 
462 
462 

462 
462 
462 
462 
462 
461 
461 
461 
461 
461 


Co-tang. 


10*204211 
10-203930 
10  203649 
10*203368 
10*203087 
10*202806 
10-20252^ 
10-202245 
10  201964 
10-201684 
10*201404 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


201123 
200843 
200563 
200283 
200003 
199723 
199443 
199164 
198884 
198604 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


198325 
198045 
197766 
197487 
197208 
196928 
196649 
196370 
196092 
195813 


10-195534 
10-195255 
10  194977 
10*194698 
10-194420 
10-194141 
10*193863 
10-193585 
10-193307 
10*193029 


Secant.   D. 


10*192751 
10*192473 
10*192195 
10191917 
10  191639 
10-191362 
191084 
190807 
190529 
190252 


10 
10 
10 
10 


10*189975 
10-189698 
10-189420 
10-189143 
10*188866 
10*188590 
10*188313 
10-188036 
10-187759 
10-187483 


Tangent. 


-071580 

•071658 

•071737 

■071817 

-071896 

071975 

072054 

-072133 

-072213 

072292 

•072371 


0 
0 


072451 
072530 
072610 
072690 
0 -072769 
0^072849 
0  -072929 
0  -073009 
0  -073089 
0*073169 


0  -073249 
0*073329 
0  -073409 
0  -073489 
0  -073569 
0  *073649 
0  -073730 
0-073810 
0  -073890 
0-073971 


0  074051 
0-074132 
0-074212 
0 -074293 
0-074374 
0  -074455 
0  074535 
0*074616 
0  -074697 
0-074778 


0  -074859 
0  074940 
075021 
075103 
075184 
075265 
075346 
075428 
0  -075509 
0*075591 


0 
0 
0 
0 
0 
0 


0 -075672 
0-075754 
0-075836 
0  075917 
0  075999 
0-076081 
0-076163 
0  -076245 
0  -076327 
0  -076409 


Co-secant. 


132 

132 
132 
132 
132 
132 
132 
132 
132 
132 

132 
132 
133 
133 
133 
133 
133 
133 
133 
133 

133 
133 
133 
133 
134 
134 
134 
134 
134 
134 

134 
134 
134 
134 
134 
134 
135 
135 
135 
135 

135 
135 
135 
135 
135 
135 
136 
136 
136 
136 

136 
136 
136 
136 
136 
136 
136 
136 
137 
137 


Co 


-92842S 
928349 
•928263 
-928183 
-928104 
-928025 
9-927946 
9 -927867 
9-927787 
9-927708 
9  -927629 


9 
9 
9 
9 
9 
9 


9  -927549 
9*927470 
9  -927390 
9 -927310 
9  -927231 
19-927151 
9*927071 
9-926991 
9-926911 
9-926831 


9  926751 
9-926671 
9 -926591 
9-926511 
9-926431 
9 -926351 
9*926270 
9-926190 
9*926110 
9-926029 


9  925949 
9-925868 
9 -925788 
9  -925707 
9 -925626 
9 -925545 
9  -.925465 
9-925384 
^-925303 
9  925222 


9 -925141 
9*925060 
9  -924979 
924897 
924816 
924735 
924654 
924572 
924491 


9 -924409 


9 -924328 
9-924246 
9-924164 
9-924063 
9  -924001 
9  -923919 
9-923837 
9  -923755 
9  -923673 
9-923591 


9k 
U 

a 

44 

48 

sa 

18 
14 

10 
16 

11 

8 

4 
51 
56 
59 
48 
44 
40 

36 
39 
98 
94 

90 

16 

19 

8 

4 


16 
13 
48 

44 
40 
86 
33 
98 
94 
90 

16 

19 

8 

4 

\49 

56 

59 

48 

44 

40 

36 
39 
98 
94 

90 

16 

19 

8 

4 
0 


GO 

50 
5? 
56 
^ 
54 
53 
52 
51 
50 

49 
4» 
47 
46 
45 
44 
43 
42 
41 
40 

59 
38 
37 
36 
55 
54 
33 
52 
51 
30 

29 
28 
27 
26 
25 
24 
25 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
U 
JO 

9 
8 
7 
6 
6 
4 
3 


57  Degrees. 


Sli.  48m. 


TABLE  5. 
Ziogaritlimic  Sines,  Tangents,  and  Secants. 


115 


2fa.  I2m. 


T 


33  Degrees. 


r| 


Sine. 


i 


;  9 -736109 
9*736303 
-736498 
It '9-736692 
16  !  9 -736686 
9 -737080 
9-737274 
9  -737467 
9-737661 
9  -737853 
9  -738048 


90 
91 
98 

S9 

S6 
40 

44 
48 
S9 
5« 

la 

4 
8 
19 

16 
90 

94 
98 

89 
86 

40 
44 
48 
59 
56 
14 

4 
8 
19 
16 
90 
94 
98 
89 
86 
40 

44 
48 

59 
56 
15 
4 
8 
19 
16 
90 

94 
98 

S9 

86 
40 
44 
48 
59 
56 
16 


9. 738241 
9. 738434 
9. 738627 
9-738820 
739013 
739206 
739398 
739590 
789783 
739975 


Diff.j  Co-secant.  |  Tangent. 


9-r40167 
9  '740359 
9  -740550 
9-740742 
9*740934 
9*741125 
9*741316 
9  -741508 
9  -741699 
9 -741889 


9-742080 
9 -742271 
9-742462 
9-742652 
9  -742842 
9  -743033 
9-743223 
9*743413 
9-743602 
9*743792 


9-743982 
9*744171 
9  '744361 
9-744550 
9*744739 
9  *744928 
9*745117 
9 -745306 
9 -745494 
9-745683 


9  -745871 
9  -746060 
9  -746248 
9-746436 
9-746624 
9-746812 
9-746999 
9-747187 
9 '747374 
9 -747562 


324 
324 
324 
323 
323 
323 
323 
323 
322 
322 

322 
322 
322 
321 
321 
321 
321 
321 
320 
320 

320 
320 
320 
319 
319 
319 
'319 
319 
318 
318 

318 
318 
318 
317 
317 
317 
317 
317 
316 
316 

316 
316 
316 
315 
315 
315 
315 
315 
314 
314 

314 
314 
314 
313 
313 
313 
313 
313 
312 
312 


Co-iiiie. 


263891 
263697 
263502 
263308 
263H4 
262920 
262726 
262533 
262339 
262145 
261952 


261759 
261566 
261373 
261180 
260987 
260794 
260602 
260410 
260217 
260025 


259833 
259641 
259450 
259258 
259066 
258875 
258684 
258492 
258301 
258111 


257920 
257729 
257538 
257348 
257158 
256967 
256777 
256587 
256398 
256208 


256018 
255829 
255639 
255450 
255261 
255072 
254883 
254694 
254506 
254317 


254129 
253940 
253752 
253564 
253376 
253188 
253001 
252813 
252626 
252438 


812517 
812794 
813070 
813347 
813623 
813899 
814175 
814452 
814728 
815004 
815279 


DifT.  Co-tang. 


815555 

815831 

816107 

816382 

816658^ 

816933 

817209 

817484 

817759 

818035 


818310 
818585 
818860 
819135 
819410 
819684 
819959 
820234 
820508 
820783 


821057 
821332 
821606 
821880 
822154 
822429 
822703 
822977 
823250 
823524 


823798 
824072 
824345 
824619 
824893 
825106 
825439 
825713 
825986 
826259 


826532 
826805 
827078 
827351 
827624 
827897 
828170 
828442 
828715 
82ft9^7 


Secant    j  Co-tang7 


461 
461 
461 
460 
460 
460 
460 
460 
460 
460 

460 
460 
459 
459 
459 
459 
459 
459 
459 
459 

459 
458 
458 
458 
458 
458 
458 
458 
458 
458 

457 
457 
457 
457 
457 
457 
457 
457 
457 
456 

456 
456 
456 
456 
456 
456 
456 
456 
455 
455 

455 
455 
455 
455 
455 
455 
455 
454 
454 
454 


10.187483 
10-187206 
10  186930 
10-186653 
10-186377 
10-186101 
185825 
185548 
185272 
184996 
184721 


10 
10 
10 
10 
10 


10  184445 
10-184169 
10-183893 
10  183618 
10-183342 
10-183067 
10-182791 
10  182516 
10*182241 
10-181965 


10-181690 
10-181415 
10-181140 
10-180865 
10-180590 
10-180316 
10-180041 
10-179766 
10-179492 
10-179217 


10  178943 
10-178668 
10  •178394 
10-178120 
10  177846 
10177571 
10-177297 
10-177023 
10-176750 
10-176476 


10-176202 
10-175928 
10-175655 
10  175381 
10-175107 
10-174834 
10  174561 
10  174287 
10-174014 
10-173741 


10  173468 
10-173195 
10-172922 
10-172649 
10-172376 
172103 
171^30 
171558 
171285 
171013 


10 
10 
10 
10 
10 


Tangent. 


Secant. 


076409 
076491 
076:>73 
076655 
076737 
076819 
076902 
076984 
077067 
077149 
077232 


077314 
077397 
077480 
077562 
077645 
077728 
077811 
077894 
077977 
078060 


D.. 


078143 
078226 
078309 
078393 
078476 
-078559 
078643 
078726 
078810 
078893 


078977 
079061 
079144 
079228 
079312 
079396 
079480 
079564 
079648 
079732 


079816 
079901 
079985 
080069 
080154 
080238 
080323 
080407 
080492 
080576 


080661 
080746 
080831 
080915 
081000 
081085 
081170 
081255 
081341 
081426 


Co«sine. 


137 
137 
137 
137 
137 
137 
137 
137 
137 
137 

138 
138 
138 
138 
138 
138 
138 
138 
138 
138 

138 
139 
139 
139 
139 
139 
139 
139 
139 
139 

139 
139 
139 
140 
140 
140 
140 
140 
140 
140 

140 
140 
140 
140 
141 
141 
141 
141 
141 
141 

141  ' 
141' 

141  i 
1411 
141 

142  I 
142 
142  I 
142  I 
142 


9 
9 
9 
9 
9 
9 


-923591 
-923509 
'923427 
-923345 
-923263 
-923181 
9  -923098 
9  -923016 
9  -922933 
9  -922851 
9  -922768 


9  -922686 
9  -922603 
9  -922520 
9  -922438 
9  -922355 
9  -922272 
9  -922189 
9  -922106 
9  -922023 
9-921940 


9  -921857 
9-921774 
9  -921691 
9  -921607 
9  -921524 
9*921441 
9-921357 
9-921274 
9-921190 
9-921107 


t 9 -921023 

1 9  -920939 

I  9  -920856 

i 9 -920772 

9  -920688 

920604 

920520 

920436 

920352 

920268 


9 
9 
9 
9 
9 


9-920184 


920099 
920015 
919931 
9  -919846 
9-919762 
9-919677 
9 -919593 
9-919508 
9 -919424 


Co-secant,  j 


56  Degrees. 


9-919339 
9  -919254 
9  -919169 
9  -919085 
9  -919000 
9*918915 
9  '918830 
9-918745 
9  -918659 
9*918574 

Sine, 


3h.  44in. 


66 
59 
48 
4i 
40 
86 
89 
98 
94 
90 

16 

19 

8 

4 

47 

66 

59 

46 

44 

40 

86 
89 

98 

94 

20 

16 

19 

8 

4 

AS 

66 
59 
48 
44 
40 
86 
39 
38 
94 
20 

16 
19 
8 
4 
46 
66 
63 
48 
44 
40 

86 
89 
98 
94 
90 
16 
13 
8 


60 
69 
58 
57 
56 
55 
54 
53 
52 
51 

49 
48 
47 
46 
45 
44 
43 
42 
41 

i2. 
39 

38 

37 

36 

35 

34 

33 

32 

31 

51 
29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

11 
9 


L 


us 


TABLE    5. 
LrrirldiiiLX  Slues^  Tangents^  ind 


-h.   Ir 


I 
L 


>--3*». 


>_■! 


34  Degrees- 

"  •  r         

DiJ. 


C 

T 


1- 

1. 

*    « 

U 

i: 
1- 

i: 

Iv 

21 
2*2 
23 
21 
23 

2;. 

27 
2S 
2j 

TT 

32 
33 
34 
35 
36 
37 
39 
39 
40 

41 
42 

43 
44 

45 
46 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
5H 
59 
60 


f 

4 

f 

11 
14 
II 


'I 

y 

•1 


7*-i-7 
i«    *-7*-:-J 

9  7i 


9  ♦7i***»» 


12 


7* 


.  >  V 

511 

>L  1 


4^4 

*« 

«  ^ 

':  5 

17 

4 
S 

!1 
i< 
3) 

14 
^d 
33 
i6 
40 
44 
4S 
53 
>6 


S-74 
9  7* 
9  7*. 
9-7> 
9  7< 
9-7': 
9-7"  -14 
9  "73 ..'••-•.* 
9  7M2f4 


::i 


4 


9-7j:4;j 
9  7j:uv4 

9-7Ji-  > 

9-7j-M>r* 

9-7:-2  'i 

9-752176 
9-7o27o0 
9-752->44 
9-7o.512'i 


m      _- 
*   *■* 

3:^ 

3  S 
>?  .- 

3<)7 
•  ,  • 


•q-  ^TT  3'6 

8'9-75r>j95  :  ^^ 
13 '9  •75-67.1    •^*'' 


ijj 9 -754016 


306 
3'»5 
305 


24!  9  •754229  a.,^ 
28;9-754412  ^^^ 
13   9-754595   ^'^'' 

9-754778 

9 -754960 


36 
40 

44 
48 
52 
36 
19 
4 
8 
13 
16 
20 

34 
28 
82 
36 
40 
44 
48 
52 
60 

ao 


9-755143 

9-755326 
9 -755508: 


305 
304 

304 
304 
304 


9 -755090  j^^ 
9-755872"*"^ 


9-756054 
9-756236 
9-756418 
9 -756600 
9-756782 


9-756963 
9-757144 
9-757326 
9-757507 
0-757688 
9  -757809 
9-758050 
9-758230 
9-758111 
9-758591 


Co-nine. 


303 
303 
303 
303 
303 

302 
302 
302 
302 
302 
301 
301 
301 
301 
301 


•1  •2^—*''  4 

•    ^  • . .  .  • 

•>  2."::. 
j-23i>:: 

••-2-^  "'/U 

>  2v  i7: 


A-2?  •"•:■ 
V2  4>2* 
0  2**  42 
0-2i>4">7 
•*-2l  271 
|-2*>  Si 
^•2^?>.«i 
•J -24^ 7  it 


o-2i?;  >: 

9 

0-24^:4«? 

Q 

0-24?l61 

9 

rt-247.*77 

Q 

0-2477i'2 

0 

•V2176> 

9 

0  247424 

9 

0-247240 

9 

0-247M56 

9 

0-2t6?72 

9 

0-24d6<S 
0 -246505 
0-246-321 
0-24613S 
0-245:»54 
0-245771 
O  -245588 
0-245105 
0  -245222 
0-245Q40 


10-244857 
10-244674 
•244492 
-244310 
•244128 
-243946 
•243764 
-243582 
10  -243400 
10-243218 


0 
0 
0 
0 
0 
0 


3  S2^}<r 

3-?:  v77 
J  "^.>.>43 
.•  -^o  ♦:  2 1 
%>-'•-?'♦  3 

^_»»lt3 

?3:4;7 

^ol7•:3 


9 

} 

9 

3-*.>4l54 
S^4425 


0-243037 
0  -242856 
0-242674 
0-242^193 
0-242312 
0-242131 
0*211950 
0-241770 
0  41589 
0-241409 


Secant. 


'?^.:2:3 
?o2:>25 
'?o27>J 

:?'oS-?:2 


Sol:/ 6  7 
S.^52^!* 

^a5509 

?o57?0 

83':.>5i 

!<ooo_2 
8365^3 
83'>'64 
837134 


837105 
837675 . 
837946 
83^216 
83S487 
83S757 I 
839027' 
839297 ; 
839568 ; 
839838  I 


840108 ; 

840378' 

840647 

840917 

841187 

841457 

841726 

841996 

842266 

842535 


842805 
843074 
843343 
843612 
843882 
844151 
844420 
844689 
844958 
845227 


Co-tang. 


4S4 
434 
454 
454 
451 
4>4 
453 
453 
453 
453 

453 
453 
453 
453 
453 
453 
452 
452 
452 
452 

452 
452 
452 
452 
452 
452 
451 
451 
451 
451 

451 
451 
451 
451 
451 
451 
450 
450 
450 
450 

450 
450 

450 
450 
450 
450 
449 
449 
449 
449 

449 
449 
449 
449 
449 
449 
448 
448 
448 
448 


•) 
0 
0 
0 
0 
TO 
0 
0 
0 
0 


171013 

170740 
170468 
170195 
1 699-23 
16j*651 
169379 
169107 
168 >35 
168563 
16S291 


16h*j19 
167747 
167475 
167204 
166932 
166661 
166389 
166118 
165S46 
165575 


165304 
165033 
1&4762 
164491 
164220 
163949 
163678 
163407 
163136 
162866 


162595 
162325 
162054 
161784 
161513 
161243 
160973 
160703 
160432 
160162 


159892 
159«22 
159353 
159083 
158813 
158543 
158274 
158004 
157734 
157465 


157195 
156926 
156657 
156388 
156118 
155849 
155580 
155311 
155042 
154773 


Tangent. 


Secant- 


081426 

081511 

081596 

081682 

081767 

-081853 

-081938 

•08-2024 

-082109 

-082195 

-082281 


I 


0-082366 
0  082452 
0-082538 
0-082624 
0-082710 
0-082796 
0-082882 
0  082968 
0*083054 
0*083141 


0  -083227 
0  -083313 
0-083400 
0-083486 
0  083573 
0  083659 
0-083746 
0-083833 
0-083919 
0  084006 


0-084093 
0-084180 
0  -084267 
0-064354 
0-084441 
0  084528 
0  -084615 
0-084703 
0-084790 
0^0^877 


0  -084965 
0-085052 
0-085140 
0  085227 
085315 
085402 
085490 
085578 
085666 
085754 


0 
0 
0 
0 
0 
0 


0  -085842 
0-085930 
0-086018 
086106 
086194 
086282 
086370 
086459 
086547 
086635 


Co-aecant. 


142 

142 

142 

142 

142! 

142 

143 

143 

143 

143 

143 
143 
143 
143 
143 
143 
143 
144 
144 
144 

144 
144 

144 
144 
144 
144 
144 
144 
145 
145 

145 
145 
145 
145 
145 
145 
145 
145 
145 
145 

146 
146 
146 
U6 
146 
146 
146 
146 
146 
146 

147 
147 
147 
147 
147 
147 
147 
147 
147 
147 


9-918574 

9  -91^489 

9  -918404 

9-918318 

19-918233 

9  918147 

19-918062 

1 9  -917976 

19-917891 

}  9  -917805 

9-917719 


9-917634 
9-917548 
9*917462 
9-917376 
9-917290 
9-917204 
9*917118 
9*917032 
9-916946 
9-916859 


9  -916773 
9 -916687 
9*916600 
9-916514 
9  916427 
9*916341 
9 -916254 
9 -916167 
9  -916081 
9  -915994 


9-915907 
9  -915820 
9*915733 
9  *915646 
9  *915559 
9*915472 
9-915385 
9  915297 
9-915210 
9-915123 


9  '915035 
9  -914948 
9  -914860 
9  914773 
9*914685 
9  *914598 
9*914510 
9  -914422 
9-914334 
9  -914246 


9-914158 
9-914070 
9  -913982 
913894 
913806 
9*913718 
9  -913630 
913541 
913453 
913365 


9 
9 


•f9 
9 


9 


Sine. 


56 

ht 
46 
44 
40 
36 
32 
3S 
34 
30 

16 

12 

6 

4 

43 

56 

3S 

48 

44 

40 

36 
33 

28 
34 
30 
16 
13 
8 
4 

4a 

66 
63 
48 
44 
40 
36 
32 
28 
24 
20 

16 

12 

6 

4 

41 

56 

53 

48 

44 

40 

36 

33 

28 

24 

20 

16 

13 

8 

4 

0 

I 


60 

54 
53 
52 

^ 

48 
47 

4a 

4S 
44 
43 
42 
41 
40 

3y 

38 
37 

36 

34 
.J3 
32 
31 

2S 
27 
26 
25 
24 
23 
22 
21 

19 
18 
17 
16 
15 
14 
13 
12 
U 
JO 

9 
6 
7 

^ 

b 
5 
4 
3 
2 

i4 


cc    "Hi 


n« 
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2h.  20m. 


0 

1 

2 
3 
4 

5 

6 
I 
ft 
9 
jO 

11 

12 

n 
u 
i.> 

IG 
17 
18 
19 
jO 

21 
22 
23 
24 
25 
26 
27 
2H 
29 
30 

31 
32 
33 
34 
35 
30 
37 
38 
39 
40 

41 
42 
43 
44 


• 

0 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 
52 
36 

ai 

4 

8 

12 

16 

20 

24 
28 
32 
36 
40 
44 
48 
52 
56 


35  Degrees. 


Sine. 


4 
8 
12 
16 
20 
24 
28 
32 
36 
40 

44 
48 
52 
56 


45  aa 


4G 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
5S 
59 


4 

8 

12 

16 

20 

24 
28 
32 

36 
40 
44 
48 
52 
56 


60. M 


758591 
758772 
758952 
759132 
759312 
759492 
759672 
750852 
760031 
760211 
760390 


9760569 
9  760748 
760927 
761106 
761285 
9  761464 
9  761642 
9  761821 
9  761999 
9762177 


DifT.'  Co-secant. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


762356 
762534 
762712 
762889 
763067 
763245 
763422 
763600 
763777 
763954 


754131 
764308 
764485 
764662 
764838 
765015 
765191 
9  765367 
9  765544 
9  765720 


9  765896 
9766072 
9  766247 
9766423 
9  766598 
766774 
766949 
767124 
767300 
767475 


9 
9 
9 
9 
9 


767649 
767824 
767999 
768173 
768348 
766522 
768697 
768871 
769045 
769219 


Co-line. 


301 
300 
300 
300 
300 
300 
299 
299 
299 
299 

299 
298 
298 
298 
298 
298 
298 
297 
297 
297 

297 
297 
296 
296 
296 
296 
296 
296 
295 
295 

295 
295 
295 
294 
294 
294 
294 
294 
294 
293 

293 
293 
293 
298 
293 
292 
292 
292 
292 
292 

291 
291 
291 
291 
291 
290 
290 
290 
290 
290 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


•241409 
•241228 
•241048 
•240868 
•240688 
•240508 
•240328 
•240148 
•239909 
•239789 
•239610 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


239431 
239252 
239073 
238894 
238715 
238536 
238358 
238179 
238001 
237823 


Tangent. 


10  -237644 
10-237466 
10-237288 
10-237111 
10  -236933 
10  '236755 
10-236578 
10-236400 
10  -236223 
10-236046 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


235869 
235692 
235515 
235338 
<35162 
'234985 
234809 
234633 
234456 
234280 


10-234104 
10-233928 
10 -233753 
10  -233577 
10-233402 
10  -233226 
10-233051 
10-232876 
10-232700 
10  232525 


10*232351 
10*232176 
10 -232001 
10  231827 
10  -231652 
10-231478 
10 -231303 
10-231129 
10  -230955 
10-230781 


Sectfit. 


845227 
845496 
845764 
84G033 
846302 
816570 
846839 
847107 
847376 
847644 
847913 


Diff. 


848181 
818449 
848717 
848986 
849254 
849522 
849790 
850058 
850325 
850593 


850861 
851129 
851396 
851664 
851931 
852199 
852466 
852733 
853001 
853268 


853535 
853802 
854069 
854336 
854603 
854870 
855137 
855404 
855671 
855938 


856204 
856471 
856737 
857004 
857270 
857537 
857803 
858069 
858336 
858602 


858868 
859134 
859400 
859666 
859932 
860198 
860464 
860730 
860995 
861261 


Co-tang. 


448 
448 
448 
448 
448 
448 
448 
447 
447 
447 

447 
447 
447 
447 
447 
447 
447 
446 
446 
446 

446 
446 
446 
446 
446 
446 
446 
446 
445 
445 

445 
445 
445 
445 
445 
445 
445 
445 
445 
444 

444 
444 
444 
444 
444 
444 
444 
444 
444 
444 

444 
443 

443 
443 
443 
443 
443 
443 
443 
443 


Co-tang. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


154773 
154504 
154236 
153967 
153G98 
153430 
153161 
152893 
152624 
152356 
152087 


Secant. 


151819 
151551 
151283 
151014 
150746 
150478 
150210 
149942 
149675 
149407 


149139 
148871 
148604 
148336 
148069 
147801 
147534 
147267 
146999 
146732 


146465 
146198 
145931 
145664 
145397 
145130 
1448G3 
144596 
144329 
144062 


143796 
143529 
143263 
142996 
142730 
142463 
142197 
141931 
141664 
141398 


141132 
140866 
140600 
140334 
140068 
139802 
139536 
139270 
139005 
138739 


086635 
086724 
086813 
086901 
086990 
03707S 
087167 
087256 
087345 
087434 
087523 


D. 


087612 
087701 
087790 
087879 
087969 
088058 
088147 
088237 
088326 
088416 


088505 
088595 
088685 
088774 
088864 
088954 
089044 
089134 
089224 
089314 


089404 
089494 
089585 
089675 
089765 
089856 
089946 
090037 
090127 
090218 


090309 
090399 
090490 
090581 
090672 
090763 
090854 
090945 
091036 
091127 


091219 
091310 
091401 
091493 
091584 
091676 
091767 
091859 
091951 
092042 


Tanfcent.  I  Co-iecant. 


147 
147 
148 
148 
148 
148 
148 
148 
148 
148 

148 
148 
149 
149 
149 
149 
149 
149 
149 
149 

149 
149 
149 
150 
150 
150 
150 
150 
150 
150 

150 
150 
150 
150 
151 
151 
151 
151 
151 
151 

151 
151 
151 
151 
151 
152 
152 
152 
152 
152 

152 
152 
152 
152 
152 
153 
153 
153 
153 
153 


Co-sine. 


913365 
913276 
913187 
913099 
913010 
912922 
912833 
912744 
912655 
912566 
912477 


912388 
912299 
912210 
912121 
912031 
911942 
911853 
911763 
911674 
911584 


911495 
911405 
911315 
911226 
911136 
911046 
910956 
910866 
910776 
910686 


910596 
910506 
910415 
910325 
910235 
910144 
910054 
909963 
909873 
909782 


909691 
909601 
909510 
909419 
90932H 
909237 
909146 
909055 
008964 
908873 


908 781 
908690 
908599 
908507 
908416 
908324 
908233 
908141 
908049 
907958 


40 

66 
52 
48 
44 
40 
36 
32 
28 
24 
20 

16 
12 

8 

4 


66 
62 
48 
44 
40 

36 
32 
28 
24 
90 
16 
12 
8 
4 


Sine. 


Ol.       Qfii 


66 
62 
48 

44 

40 
86 
82 
28 
94 
90 

16 
19 
8 
4 
07 
66 
69 
48 
44 
40 

86 
89 

98 

94 

90 

16 

19 

8 

4 

0 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 

in 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30^ 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
U 
13 
12 
11 

]L 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
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TABLE   5. 
Logaiithmic  Sines,  Tangents,  and  Secants. 


'i 


2h.  24m. 


2 
3 

4 

5 
6 
7 
8 
9 
20 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


41 
42 
43 
44 
45 
46 
47 
48 
49 
_50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8 
19 
16 
SO 
34 
38 
S3 
86 
40 

44 

48 

sa 

56 


4 

8 
13 
16 
30 

34 

38 
S3 
36 
40 
44 
48 
53 
5G 


4 

8 
13 
16 
30 
34 
38 
33 
36 
40 

44 

48 
53 
56 
27 

4 

8 

13 

16 

30 

34 
38 
32 
36 
40 
44 
48 
53 
56 


Sine.   Diff. 


769219 
769393 
769566 
769740 
769913 
770087 
770260 
7704^3 
770606 
770779 
770952 


771125 
771298 
771470 
771643 
771815 
771987 
772159 
772331 
772503 
772675 


772847 
773018 
773190 
773361 
773533 
773704 
773875 
774046 
774217 
774388 


774558 
774729 
774899 
775070 
775240 
775410 
775580 
775750 
775920 
776090 


776259 
776429 
776598 
776768 
776937 
777106 
777275 
777444 
777613 
777781 


777950 
778119 
778287 
778455 
778624 
778792 
778960 
779128 
779295 
779463 


1290 

,289 

289 

289 

289 
289 
288 
•  288 
288 
288 

288 

288 

287 

,287 

'287 

;287 

,287 

'287 

286 

286 

286 

286 

286 

286 

285 

285 

'285 

;285 

,283 

I  285 

'284 

j284 

j284 

1284 

!284 

284 

j283 

283 

283 

283 

283 
283 
1282 
1282 
282 
282 
282 
281 
281 
281 

281 

,281 

281 

280 

280 

280 

280 

i280 

i280 

279 


Co-aectait. 


Co-fline. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


1 

10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


230781 
230607 
230434 
230260 
230087 
229913 
229740 
229567 
229394 
229221 
229048 


228875 
228702 
228530 
228357 
228185 
228013 
227841 
227669 
227497 
227325 


T&ngent. 


36  Degrees. 

Diff.  I    Co-tang. 


227153 
226982 
226810 
226639 
226467 
226296 
226125 
225954 
225783 
225612 


225442 
225271 
225101 
224930 
224760 
224590 
224420 
224250 
224080 
223910 


Q?i23 


741 
223571 
223402 
223232 
223063 
222894 
222725 
222556 
222387 
222219 


9 
9 
9 
9 
9 
9 
9 
9 
19 
9 


222010 
221811 
221713 
221545 
221376 
221208 
221040 
220872 
220705 
220537 


19 

19 
iO 
i9 

l9 
9 
9 
9 
9 


861261 
861527 
861792 
862058 
862323 
862589 
862854 
863119 
863385 
863650 
863915 


864180 
864445 
864710 
864975 
865240 
865505 
865770 
866035 
866300 
866564 


866829 
867094 
867358 
867623 
867887 
868152 
868416 
868680 
868945 
869209 


869473 ^ 

809737 

870001 

870265 

870529 

870793 

871057 

871321 

871585 

871849 


•>J72112 
872376 
872640 
872903 
873167 
873430 
873094 
873957 
874220 
874484 


874747 
875010 
875273 
875536 
875800 
876063 
876326 
876589 
876851 
877114 


443 
443 
443 
442 
442 
442 
442 
442 
442 
442 

442 

442 

442 

442 

442 

44 

44 

44 

44 

441 

44 
44 
44 

44 

44 

44 

44 

44 

440 

440 

440 
440 
440 
440 
440 
440 
440 
440 
440 
440 

440 
439 
439 
439 
439 
439 
439 
439 
439 
439 

439 
439 
439 
439 
439 
438 
438 
438 
438 
438 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 

lio 

10 

;io 

;io 

10 

110 

10 

10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Secant.  |  Co-tang.  I 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


138739 
138473 
138208 
137942 
137677 
137411 
137146 
136881 
136615 
136350 
136084 


135820 
135555 
135290 
135025 
134760 
134495 
134230 
133965 
133700 
133436 


133171 
132906 
132642 
132377 
132113 
131848 
131584 
131320 
131055 
130791 


130527 
130263 
129999 
129735 
129471 
129207 
128943 
128679 
128415 
128151 


127888 
127624 
127360 
127097 
126833 
126570 
126306 
126043 
125780 
125516 


125253 
124990 
124727 
124464 
124200 
123937 
123674 
123411 
123149 
122886 


Tangent* 


Secant. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
ID 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


092042 
092134 
092226 
092318 
092410 
092502 
092594 
092686 
092778 
092871 
092963 


093055 
093148 
093240 
093333 
093425 
093518 
093611 
093704 
093796 
093889 


093982 
094075 
094168 
094261 
094355 
094448 
094541 
094634 
094728 
094821 


094915 
095008 
095102 
095196 
095289 
095383 
095477 
095571 
095665 
095759 


095853 
095947 
096041 
096136 
096230 
096324 
096419 
096513 
096608 
096702 


096797 
096892 
096986 
097081 
097176 
097271 
097366 
097461 
097556 
097651 


Co-flecant. 


D.   Co-i 


153 
153 
153 
153 
153 
IbZ 
153 
154 
154 
154 

154 
154 
154 
154 
154 
154 
154 
155 
155 
155 

155 
155 
155 
155 
155 
155 
155 
155 
156 
156 

156 

156* 

156 

1561 

156 

156 

156 

156 

157 

157 

157; 
1571 

157 

157! 

157  i 

157 

157 

157 

157 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
_9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


9 

:9 

9 
9 
9 
9 
9 
9 
9 
9 


158 
158 
118 
158 
158 
158 
158 
158 
159 
159 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

9 
9 
9 
9 

!9 
9 
9 
9 
9 
9 


907958 
907866 
907774 
907682 
907590 
907498 
907406 
907314 
907222 
907129 
907037 


906945 
906852 
906760 
906667 
906575 
906482 
906389 
906296 
906204 
906111 


906018 
905925 
905832 
905739 
905645 
905552 
905459 
905366 
905272 
905179 


905085 
904992 
904898 
904804 
904711 
904617 
904523 
904429 
904335 
904241 


904147 
904053 
903959 
903864 
903770 
903676 
903581 
903487 
903392 
903298 


903^3 
903108 
903014 
902919 
902824 
902729 
902034 
902539 
902444 
902349 


Sinci. 


56 
53 
48 
44 
40 
9% 
S3 
38 
34 
30 

16 

IS 

8 

4 


56 
53 
48 

44 

40 

S6 
S3 

36 

34 

30 

16 

13 

8 

4 

S4 

56 
63 

48 
44 
40 
S6 
S3 
38 
34 
30 

16 

13 
6 
4 


56 
53 
48 
44 
40 

S6 

33 

38 

34 

30 

16 

13 

8 

4 

0 

s 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 

48 

47 

4fi 
45 
44 

43 
42 
41 

ii 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30^ 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

IL 
9 
8 

6 
5 
4 
3 

2 

if 


53  Degrees, 


8h.  32nL 


TABLE  5. 

Ix^aritlLmic  Sines^  Tangents^  and  Secants. 
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2h.  28m. 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 

11 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
^ 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 
47 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


• 
0 
4 
8 
19 
16 

ao 

34 
98 
S9 
S6 

40 

44 
48 

S9 

56 


Sise. 


4 
8 

la 

16 

ao 

94 

as 
aa 

36 
10 
44 
48 
53 
56 

ao 

4 
8 
13 
18 
30 
94 
38 
33 
36 
40 

44 

49 
53 
86 

31 

4 

8 

13 

16 

30 

34 
38 
33 
36 
40 
44 
48 
53 
66 


•779463 
•779631 
•779798 
•779966 
•780133 


9-780300 


•780467 
•780634 
•780801 
•780968 
•781134 


r 


9-781301 
9*781468 
9-781634 
9  -761800 
9  -781966 
9-782132 
9-782298 
9-782464 
9-782630 
9-782796 


9-782961 
9-783127 
9-783292 
9-783458 
9-783623 
9-783788 
9-783953 
9-784118 
9-784282 
9-784447 


Diff. 


9*784612 
9-784776 
9-7*84941 
9 •785105 
9 -785269 
9 -785433 
9 -785597 
9-785761 
9 -785925 
9 -786089 


9-786252 
9*786416 
9 -786579 
9-786742 
786906 
787069 
787232 

787395 
787557 
787720 


•787883 
•788045 
•788208 
•788370 
•788532 
•788694 
788856 
•789018 
'789180 
-789342 


279 
279 
279 
279 
279 
278 
278 
278 
278 
278 

278 
277 
277 
277 
277 
277 
277 
276 
276 
276 

276 
276 
276 
275 
275 
275 
275 
275 
275 
274 

274 
274 
274 
274 
274 
273 
273 
273 
273 
273 

273 
272 
272 
272 
272 
272 
.272 
271 
2 

271 
271 
271 
271 
270 
270 
270 
270 
270 
270 


Co^oinB. 


37  Degrees. 

Co-secant.  |  Tangent. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


i 


IP 

10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


220537 
220369 
220202 
220034 
219867 
219700 
219533 
219366 
219199 
219032 
218866 


218699 
218532 
218366 
218200 
218034 
217868 
217702 
217536 
217370 
217204 


217039 
216873 
216708 
216542 
216377 
216212 
216047 
215882 
215718 
215553 


215388 
215224 
215059 
214895 
214731 
214567 
214403 
214239 
214075 
213911 


213748 
213584 
213421 
213258 
213094 
212931 
212768 
212605 
212443 
212280 


212117 
211955 
211792 
211630 
211468 
211306 
211144 
210982 
210820 
210658 


Secant. 


877114 
877377 
877640 
877903 
878165 
878428 
878691 
878953 
879216 
879478 
879741 


880003 
880265 
8&0528 
880790 
881052 
881314 
881576 
881839 
882101 
882363 


882625 
882887 
883148 
883410 
883672 
883934 
884196 
884457 
884719 
884980 


Diir. 


885242 
885503 
885765 
886026 
886288 
886549 
886810 
887072 
887333 
887594 


887855 
888116 
888377 
88^639 
888900 
889160 
889421 
889682 
889943 
890204 


890465 
890725 
890986 
891247 
891507 
891768 
892028 
892289 
892549 
892810 


438 
438 
438 
438 
438 
438 
438 
437 
437 
437 

437 
437 
437 
437 
437 
437 
437 
437 
437 
437 

437 
436 
436 
436 
436 
436 
436 
436 
436 
436 

436 
436 
436 
436 
436 
436 
436 
435 
435 
435 

435 
435 
435 
435 
435 
435 
435 
435 
435 
435 

435 
435 
434 
434 
434 
434 
434 
434 
434 
434 


Co-tang. 


^  t%     T\... 


Co-tang. 


10-122886 
10-122623 
10  122360 
10-122097 
10-121835 
10-121572 
10-121309 
10-121047 
10-120784 
10  120522 
10  120259 


Secant. 


10  119997 
10-119735 
10-119472 
10-119210 
10-118948 
10-118686 
10  118424 
10118161 
10-117899 
10  117637 


10-117375 
10117113 
10-116852 
10-116590 
10-116328 
10-116066 
10-115804 
10-115543 
10  115281 
10-115020 


10-114758 
10  114497 
10  114235 
10-113974 
10  113712 
10  113451 
10  113190 
10  112928 
10  112667 
10  112406 


10-112145 
10-111884 
10-111623 
10  111361 
10111100 
10-110840 
10  110579 
10-110318 
10-110057 
10-109796 


10-109535 
10  109275 
10-109014 
10-108753 
no -108493 
10*108232 
10-107972 
10  107711 
10-107451 
10  107190 


0 

0 

0. 

0 

0 

0 

0 

0 

0 

0 


097651 
097747 
097842 
097937 
098033 
098128 
098224 
098319 
098415 
098510 
098606 


098702 
098798 
098894 
098990 
099086 
099182 
099278 
099374 
099471 
099567 


099663 
099760 
099856 
099953 
100049 
100146 
100243 
100340 
100436 
100533 


100630 
100727 
100824 
100922 
101019 
101116 
101213 
101311 
101408 
101506 

1O1603 
101701 
101798 
101896 
101994 
102092 
102190 
102288 
102386 
102484 


102582 
102680 
102778 
102877 
102975 
103074 
103172 
10^71 
103369 
103468 


D. 


159 
159 
159 
159 
159 
159 
159 
159 
159 
159 

160 
160 
160 
160 
160 
160 
160 
160 
160 
160 

161 
161 
161 
161 
161 
161 
161 
161 
161 
161 

162 
162 
162 
162 
162 
162 
162 
162 
162 
162 

163 
163 
163 
163 
163 
163 
163 
163 
163 
163 

163 
164 
164 
164 
164 
164 
164 
164 
164 
164 


Tangent.  )  Co-secant. 


Co-sine. 


902349 
902253 
902158 
902063 
901967 
901872 
901776 
901681 
901585 
901490 
901394 


901298 
901202 
901106 
901010 
900914 
900818 
900722 
900626 
900529 
900433 


900337 
900240 
900144 
900047 
899951 
899854 
899757 
899660 
899564 
899467 


899370 
899273 
899176 
899078 
898981 
898884 
898787 
898689 
898592 
898494 


898397 
898299 
898202 
898104 
898006 
897908 
897810 
897712 
897614 
897516 


897418 
897320 
897222 
897123 
897025 
896926 
896828 
896729 
896631 
896532 


56 
53 
48 
44 
40 
36 
33 
38 
34 
90 

16 

13 

8 

4 

ai 

56 
S3 
48 
44 
40 

36 
33 
38 
34 
90 
16 
13 
8 
4 
30 

56 
69 
48 
44 
40 
86 
39 
98 
94 
90 

16 

19 

8 

4 


Sine. 


56 
69 
48 
44 
40 

80 
89 

98 

94 

90 

16 

19 

8 

4 

0 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50^ 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40^ 

39 
38 
37 
36 
35 
34 
33 
32 
31 

il 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20^ 

19 
18 
17 
16 
15 
14 
13 
12 
11 

ii 
9 
8 
7 
6 
5 
4 
S 
2 
1 
0 


<«%.     ^e> 
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TABLE  5. 
Logarithmic  Sines,  Tangents,  and  Secants. 


2h.  32m. 


0 
1 
e 

3 
4 

5 

6 
7 
8 
9 
JO 

11 
12 
13 
14 
15 
IC 
17 
18 
19 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
JIO 

41 
42 
43 
44 
45 
46 
47 
48 
49 
bO 

51 
52 
53 
54 
55 
56 


• 
0 
4 
8 

la 
16 

10 
24 

as 

32 
36 
40 

44 

48 
52 
56 
33 

4 

8 

12 

16 

ao 


34 
38 
32 
Sfi 
40 
44 
48 
52 
56 
34 

4 
8 
12 
16 
20 
24 
28 
32 
36 
40 

44 

48 

52 

56 

35 

4 

8 

12 

jl6 

j20 

j24 

las 

>32 
36 
40 
44 


57,48 
58(53 
59^56 
60.36 


Sine. 


789342 
789504 
789065 
789827 
789988 
790149 
790310 
790471 
790632 
790793 
790954 


791115 
791275 
791436 
791596 
791757 
791917 
792077 
792237 
792397 
792557 


DiiT.  Co>8ecant. 


792716 
792876 
793035 
793195 
793354 
793514 
793673 
793B32 
793991 
794150 


794308 
794467 
794626 
794784 
794942 
795101 
795259 
795417 
795575 
795733 


795891 
796049 
796206 
796364 
796521 
796679 
796836 
796993 
797150 
797307 


797464 
797621 
797777 
797934 
798091 
798247 
798403 
798560 
798716 
798872 


269 
269 
269 
269 
269 
269 
268 
268 
268 
268 

268 

268 

267 

267 

267 

267 

1267 

267 

1266 

I  266 

266 

j266 

,266 

1266 

,265 

1265 

265 

265 

265 

265 

264 
264 
264 
264 
264 
264 
264 
263 
263 
263 

263 
263 
263 
263 
262 
262 
262 
262 
262 
262 

261 
261 
261 
261 
261 
261 
261 
260 
260 
260 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


Co-sine. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


210658 
210496 
210335 
210173 
210012 
209851 
209690 
209529 
209368 
209207 
209046 


208885 
208725 
208564 
208404 
208243 
208083 
207923 
207763 
207603 
207443 


207284 
207124 
206965 
206805 
206646 
206486 
206327 
206168 
206009 
205850 


205692 
205533 
205374 
205216 
205058 
204899 
204741 
204583 
204425 
204267 


204109 
203951 
203794 
203636 
203479 
203321 
203164 
203007 
202850 
202693 


202536 
202379 
202223 
202066 
201909 
201753 
201597 
201440 
201284 
201128 


Secant. 


Tangent. 


38  Degrees, 

Diff. 


892810 
893070 
893331 
893591 
893851 
894111 
894371 
894632 
894892 
895152 
895412 


895672 
895932 
896192 
896452 
896712 
896971 
897231 
897491 
897751 
898010 


898270 
898530 
898789 
899049 
899308 
899568 
899827 
900086 
900346 
900605 


900864 
901124 
901383 
901642 
901901 
902160 
902419 
902679 
902938 
903197 


903455 
903714 
903973 
904232 
904491 
904750 
905008 
905267 
905526 
905784 


906043 
906302 
906560 
906819 
907077 
907336 
907594 
907852 
908111 
908369 


Co-tang. 


434 

434 
434 
434 
434 
434 
434 
434 
433 
433 

433 
433 
433 
433 
433 
433 
433 
433 
433 
433 

433 
433 
433 
433 
432 
432 
432 
432 
432 
432 

432 

432 
432 
432 
432 
432 
432 
432 
432 
432 

432 
431 
431 
431 
431 
431 
431 
431 
431 
431 

431 
431 
431 
431 
431 
431 
431 
431 
431 
431 


Co-tang. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


107190 
106930 
106669 
106409 
106149 
105889 
105629 
105368 
105108 
104848 
104588 


104328 
104068 
103808 
103548 
103288 
103029 
102769 
102509 
102249 
101990 


101730 
101470 
101211 
100951 
100692 
100432 
100173 
099914 
099654 
099395 


099136 
098876 
098617 
098358 
098099 
097840 
097581 
097321 
097062 
096803 


096545 
096286 
096027 
095768 
095509 
095250 
094992 
094733 
094474 
094216 


093957 
093698 
093440 
093181 
092923 
092664 
092406 
092146 
091889 
091631 


Tangent. 


Secant. 


103468 
103567 
103665 
103764 
103863 
103962 
104061 
104160 
104259 
104359 
104458 


D. 


104557 
104657 
104756 
104855 
104955 
105055 
105154 
105254 
105354 
105454 


105554 
105654 
105754 
105854 
105954 
106054 
106154 
106255 
106355 
106456 


106556 
106657 
106757 
106858 
106959 
107060 
107161 
107261 
107362 
107464 


107565 
107666 
107767 
107868 
107970 
108071 
108173 
108274 
108376 
108477 


108579 
108681 
108783 
108885 
108987 
109089 
109191 
109293 
109395 
109497 


Co-secant. 


Co-« 


164 

165 

165 

165 

165 

165 

165 

165  I 

165' 

165 

165 
166 
166 
166 
166 
166 
166 
166 
166 
166 

166 
167 
167 
167 
167 
167 
167 
167 
167 
167 

167 
168 
168 
168 
168 
168 
168 
168 
168 
168 

168 
169 
169 
169 
169 
169 
169 
169 
169 
169 

169 
170 
170 
170 
170 
170 
170 
170 
170 
170 


'896532 
-896433 
-896335 
•896236 
-896137 
-896038 
•895939 
-895840 
-895741 
-895641 
-895542 


•895443 
•895343 
•895244 
-895 145 
•895045 
•894945 
•894846 
•894746 
•894646 
•894546 


•894446 
^894346 
•894246 
•894146 
894046 
•893946 
•893846 
•893745 
•893645 
•893544 


•893444 
•893343 
•89J643 
•«93142 
•893041 
•892940 
•892839 
•892739 
•892638 
•892536 


•892435 
-892334 
•892233 
•892132 
•892030 
•891929 
•891827 
•891726 
•891624 
•891523 


BB60 
51^9 
51  Us 


•891421 
•891319 
•891217 
•891115 
•891013 
•890911 
•890809 
890707 
•890605 
890503 


S|!Wt 


48 
44 
40 
34 
82 
28 
24 
20 

l« 
II 

8 

4 

56 

52 

48 
44 
40 

36 
31 
28 
24 

20 
1< 
IS 

9 

4 

ao 

56 
52 
48 
44 
40 
36 
32 
38 
24 
20 

16 

13 

8 

4 

15 
56 
52 
48 
44 
40 

36 

38 

28 

24. 

30 

16 

13 

8 

4 

0 

1 


57 
36 

51 

&3 
52 
51 
50^ 

49 
iS 
47 
46 
45 
44 
43 
42 
41 

iH 

39 

37 
36 
35 
34 
33 
32 
31 
30 

29 
2i 
27 
26 
25 
24 
23 
22 
21 

B. 
19 

18 

17 

16 

15 

14 

13 

12 

U 

i?. 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


51  Degrees. 


3h.  24m. 


TABLE  6. 
L^garitkmic  Sinesy  Taageatfi^  aad  Secants. 
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2li.  36ia. 


3d  Degrees. 


I 


1 

2 
3 

4 


4 
S 

le 


4 

« 

It 

16 

M 

94 
M 

ts 

•< 

40 
44 
40 

sa 


5i90 
6    94 

7;9* 

a  39 

10    40 

^11,44 
12    48 

I3;s9 

14 -S6 

16 
17 
18 
19 
20 

22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

51 

52 

53 

54 

55 

56 

57 

58 

59 

CO 


9-798872 
9 -799028 
9 -799184 
799339 
790495 
799651 
799806 
9  -799962 
9  -800117 
9-800272 
9  -800427 


9 

9 
9 
9 


9-800582 
9^800737 
9-800892 
9  -801047 
9*801201 
9  -801356 
9-801541 
9  -801665 
9-801819 
9  -801973 


9  -802128 
9-802382 
9^802436 
9  -^02589 
9  -802743 
9-802897 
9  -403050 
9*803204 
9  -803357 
9-803511 


4 
8 

la 
u 
ao 
a4 
as 
la 

SB! 

40 

44 

48 
52 
SO 

3^ 

4 
8 

la 

10 

ao 


9  -803664 
9  -803817 
9 -808970 
9-804123 
9  -804276 
9*804428 
9  -804581 
9-804734 
9^04886 
9 -805039 


9-805191 
9 '805343 
9^5495 
9-805647 
805799 
805951 
806103 
806254 
806406 
806557 


9 
9 
9 
9 
9 
9 


a4 

as 

S2 

30 
40 
44 
*8 

sa 

58 
|40 


9  -806709 
9 -806860 
9-807011 
9-807163 
9  -807314 
9 -807465 
9  -807615 
9  807766 
9-807917 
9 -808067 


yr.l  Co-Mcsat.  I  Tangent. 


260 
260 
260 
259 
259 
259 
259 
259 
259 
258 

258 
258 
258 
258 
258 
258 
257 
257 
257 
257 

257 
257 
256 
256 
256 
256 
256 
256 
256 
255 

255 
255 
255 
255 
255 
254 
254 
254 
254 
254 

254 
254 
253 
253 
253 
253 
253 
253 
253 
253 

252 
252 
252 
252 
252 
252 
251 
251 
251 
251 


Confine. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


201438 

200972 

200816 

200661 

200505 

200349 

200194 

200038; 

199883 

199728 

199573  > 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


199418 . 

199263  i 

199108 

198953 

198799 

198644 

198489 

198335] 

198181 

198027 . 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


9-008369 
9  -008628 
9^08886 
9  -909144 
909402 
909660 
909918 
010177 
910435 
910693 
910951 


Diff. 


911^09 
911467 
911724 
911982 
912240 
9  -912498 
9 -912756 
9  -913014 
9-913271 
9  -913529 


9 

9 
9 
9 
9 


197872 

197718 

197564 

197411 

197257 

197103 

196950 

196796 ; 

196643 

196489 


9  -913787 
9  -914044 
9  -914302 
9-914560 
9-914817 
9  -915075 
9  '915332 
9  '915590 
9  -915847 
9-916104 


196336 
196183 
196030 
195877 
195724 
195572 
195419 
195266 
195114 
194961 


9  916362 
9-916619 
9 -916877 
9-917134 
9-917391 
9-917648 
917905 
918163 
918420 
918677 


9 
9 
9 
9 


194809 
194657 
194505 
194353 
194201 
194049 
193897 
193746 
193594 
193443 


9-918934 
9-919191 
9-919448 
9 -919705 
9 -919962 
9 -920219 
9  -920476 
9 -920733 
9  -920990 
9-921247 


193291 
193140 
192989 
192837 
192686 
192535 
192385 
192234 
192083 
101933 


9*921503 
9-921760 
9-922017 
9  -922274 
9  -922530 
922787 
923044 
923300 
923557 
923813 


9 
9 
9 
9 
9 


^cunt.  I  Ce-tang. 


430 
430 
430 
430 
430 
430 
430 
430 
430 
430 

430 
430 
430 
430 
430 
430 
430 
430 
430 
429 

429 
429 
429 
429 
429 
429 
429 
429 
429 
429 

429 
429 
429 
429 
429 
429 
429 
429 
429 
429 

429 
428 

428 
428 
428 
428 
428 
428 
428 
428 

428 
428 
428 
428 
428 
428 
428 
428 
428 
428 


Co-tttiK.  I  Secant.   D.  i  Co-iine. 


10-091631 
10 -091372 
10-091114 
10  -090856 
10  -090598 
10  -090340 
10 -090082 
10  089823 
10 -089565 
10 -089307 
10 -089049 1 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10- 

10' 


-109497 
-109600 
109702 
109805 
109907 
110010 
110112 
110215 
110318 
110421 
110523 


10-088791 
10-088533 
10  -088276 
10-088018 
10-087760 
10 -087502 
10 -087244 
10 -086986 
10  066729 
10  086471 


10 
40 
10 
10 
10 
10 
10 
10 
10 
10 


110626 
110729 
110832 
110936 
111039 
111142 
111245 
111349 
111452 
111556 


10  -086213 : 


10  -085956 
10  085698 
10  085440 
10 -085183 
10  •084925 
10  084668 
10  084410 
10-084153 
10  083896 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


111659 
111763 
111866 
111970 
112074 
112178 
112282 
112386 
112490 
112594 


10  -083638 
10  083381 
10-083123 
10 -082866 
10 -082609 
10  -082352 
10 -082095 
10-081837 
10-081580 
10-081323 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


112698 

112802 

112907 

1130111 

113115 

113220; 

113324: 

113429 

113534 

113638 


10-081066 
10 -080809 
10-080552 
10*080295 
10 -080038 
10*079781 
10  079524 
10  079267 
10  079010 
10-078753 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


113743 
113848 
113953 
114058 
114163 
114268 
114373 
114478 
114584 
114689 


10  078497 
10  078240 
10-077983 
10-077726 
10-077470 
10  077213 
10  076956 
10  076700 
10*076443 
10-076187 


10-114795 
10-114900 
10-115006 
10-115111 
10*115217 
10  115323 
10  115428 
10-115534 
10-115640 
10  115746 


Tuigmt.  I  Co-iecant. 


170 
171 
171 
171 
171 
171 
171 
171 
171 
171 

171 
172 
172 
172 
172 
172 
172 
172 
172 
172 

173 
173 
173 
173 
173 
173 
173 
173 
173 
173 

174 
174 
174 
174 
174 
174 
174 
174 
174 
174 

175 
175 
175 
175 
175 
175 
175 
175 
175 
175 

176 
176 
176 
176 
176 
176 
176 
176 
176 
176 


9  -890503 
9  -890400 
9  -890298 
9  -890195 
9 -890093 
9 -889990 
9 -889888 
9 -889785 
9  -889682 
9-889579 
9  -889477 


9  -889374 
9^889271 
9^889168 
9*989064 
9  '888961 
9  -888858 
9  -888755 
9  -888651 
9  -888548 
9  -888444 


9^8341 
9  -888237 
9 -888134 
9  ^888030 
9 -887926 
9-887822 
9  -887718 
9 -887614 
9  -887510 
9  '887406 


9  -887302 
9  887198 
9  -887093 
9-886989 
9  -886885 
9*886780 
9 -886676 
9 -886571 
9 -886466 
9  -886362 


9 -886257 
9  -886152 
9-886047 
9  885942 
9  -885837 
885732 
885627 
885522 
885416 
885311 


9 
9 
9 
9 
9 


SO 


9 -885205 
9  -885100 
9 -884994 
9 -884889 
9-884783 
9  -884677 
9  -884572 
9 -884466 
9 '884360 
9 -884254 


56 
53 
48 
44 

40 

86 

sa 

38 
34 
30 
16 
13 
8 
4 

Ba 

56 
63 
48 

44 
40 
80 
83 
38 
34 
30 

10 

13 

8 

4 


Sine. 


50 
53 
48 

44 

40 

80 
S3 
38 

34 

30 
10 
13 

8 
4 
0 

• 


49 
48 
47 
46 
45 
44 
43 
42 
41 

il 

39 

38 

37 

36 

35 

34 

33 

32 

31 

51 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20. 

19 

18 

17 

16 

15 

14 

13 

12 

11 

11 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


50  DegreesT 


3h.  20in. 
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TABLE  6. 

Logarithmic  Knes,  Teuigents^  and  Secants. 


2h.  40in. 


0 
1 

2 

3 

4 

5 
6 
7 

8 

9 

_10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 

11 
31 

32 

33 

34 

35 

36 

37 

38 

39 

i£ 
41 

42 

43 

44 

45 
46 
47 
48 


• 

0 

4 

8 

13 

16 

20 

2.4 

38 

S3 

86 

40 

44 

48 
53 
56 
41 

4 

8 

13 

16 

30 

34 
28 
83 
86 
40 
44 
48 
53 
56 


Sine. 


4a  9 


4 

8 
13 
16 
30 
34 
38 
83 
86 
40 

44 

48  9 
63-9 
66;9 
43  9 
4*9 
819 
13  9 
9 
9 


49    16 
50 1 30 

51  94 

52  I  38 
53t83 

54  86 

55  40 

56  44 
57!  48 


58:53 

59 1  56 
60  44 


I 


808067 
808218 
808368 
808519 
808669 
808819 
808969 
809119 
809269 
809419 
809569 


809718 
809868 
810017 
810167 
810316 
810465 
810614 
810763 
810912 
811061 


Diff. 


811210 
811358 
811507 
811655 
811804 
811952 
812100 
812248 
812396 
812544 


812692 
812840 
812988 
813135 
813283 
813430 
813578 
813725 
813872 
814019 


814166 
814313 
814460 
814607 
814753 
814900 
815046 
815193 
815339 
815485 


815632 
815778 
815924 
816069 
816215 
816361 
816507 
816652 
816798 
816943 

I  Co-iine. 


251 
251 
251 
250 
250 
250 
250 
250 
250 
249 

249 
249 
249 
249 
249 
248 
248 
248 
248 
^48 

248 
248 
247 
247 
247 
247 
247 
247 
247 
246 

246 
246 
246 
246 
246 
246 
245 
245 
245 
245 

245 
245 
245 
244 
244 
244 
244 
244 
244 
244 

243 

2 

243 

243 

243 

243 

242 

242 

242 


40  D^reeg. 


Co-secant. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 

lo 

10 
10 
10 
10 
10 
10 
10 


M 


10 
10 
10 
10 
10 
10 
10 
10 


191933. 
1917821 
191632 
191481 
191331 
191181 
191031 
190881 
190731 
190581 
190431 


190282 
190132 
189983 
189833 
189684 
189535 
189386 
189237 
189088 
188939 


188790 
188642 
188493 
188345 
188196 
188048 
187900 
187752 
187604 
187456 


1(M87308 


187160 
187012 
186865 
186717 
186570 
186422 
186275 
186128 
185981 


185834 
185687 
185540 
185393 
185247 


185100  9 


184954 
184807 
184661 
184515 


184368 
184222 
184076 
183931 
183785 
183639 
183493 
183348 
183202 
188057 


Seout 


Itoggnt. 


928813 
924070 
924327 
924583 
924840 
925096 
925352 
925609 
925865 
926122 
926378 


926634 
926890 
927147 
927403 
927659 
927915 
928171 
928427 
928683 
928940 


929196 
929452 
929708 
929964 
930220 
930475 
930731 
930987 
931243 
931499 


931755 
932010 
932266 
932522 
932778 
933033 
933289 
933545 
933800 
934056 


934311 
934567 
934823 
935078 
935333 
935589 
935844 
936100 
«936355 
936610 


936866 
937121 
937376 
937682 
937887 
938142 
938398 
938653 
938908 
939163 


Co-tang. 


Diff. 


428 
428 
428 
427 
427 
427 
427 
427 
427 
427 

487 
427 
427 
427 
427 
427 
427 
427 
427 
427 

427 

427 
427 
427 
427 
427 
427 
426 
426 
426 

426 
426 
426 
426 
426 
426 
426 
426 
426 
426 

426 
426 
426 
426 
426 
426 
426 
426 
426 
426 

426 
426 
426 
425 
425 
425 
425 
425 
425 
425 


Co-tang. 


10  -076187 
10  *075930 
10-075673 
10-075417 
10  075160 
10 -074904 
10*074648 
10  -074391 
10-074135 
10-073878 
10. 073622 


10 '073366 
10-073110 
10  -072853 
la -072597 
10-072341 
10-072085 
10-071829 
10-071573 
10*071317 
10*071060 


10 •070804 
10-070548 
10*070292 
10  -070036 
10  ^069780 
10-069525 
10*069269 
10 -069013 
10*068757 
10-068501 


10  -068245 
10-067990 
10  -067734 
10 -067478 
10-067222 
10  -066967 
10*066711 
10  -066435 
10-066200 
10 -065944 


10 -065689 
10  •063433 
10-065177 
10  -064922 
10-064667 
064411 
064156 
063900 
063645 
063390 


10 
10 
10 
10 
10 


10  -063134 
10 -062828 
10-0626ll 
10  062368 
10-062113 
10 -061858 
10-061602 
10  061347 
10 -061092 
10  060837 


115746 
115852 
115958 
116064 
1)6171 
116277 
116383 
116490 
116596 
116708 
116809 


116916 
117023 
117129 
117236 
117343 
117450 
117557 
117664 
117771 
117879 


D. 


Co-mob. 


117986 

118093 

118201 

118308 

118416 

118523 

118631 

118739] 

118847 

118954 


119062 
119170 
119278 
119387 
119495 
119603 
119711 
119820 
119928 
120037 


120145 
120254 
120363 
120471 
120580 
120689 
120798 
120907 
121016 
121125 


121234 
121344 
121453 
121562 
121672 
121781 
121891 
122001 
122110 
122220 


177 
177 
177 
177 
177 
177 
177 
177 
177 
178 

178] 

178 

178 

178 

178 

178 

178 

178 

179 

179 

179 

179 

1791 

179 

179 

179 

179 

179 

180 

180 

180 
180 
180 
180 
180 
180 
180 
181 
181 
181 

181 
181 
181 
181 
181 
181 
181 
182 
182 
182 

182 
182 
182 
182 
182 
182 
183 
183 
183 
183 


9*884254 
9-884148 
9-884042 
9-883936 
9-883829 
9-88372S 
9-883617 
9-883510 
9-683404 
9-883297 
9 -883191 


Tangent.  |  Co-wcant.  | 


9*883084 
9  -882977 
9 -882871 
9-882764 
9-882657 
9-882550 
9-882443 
9-882336 
9-882229 
9-882121 


9-882014 
9-881907 
9 '881799 
9 -881692 
9*881584 
9 -881477 
9-881369 
9 -881261 
9-881153 
9  -881046 


54 
53 
41 

44 
4t 
S6 
S3 
38 
34 
30 

18 

13 

8 

4 

!• 
56 
53 
48 

44 

48 

86 
S3 
38 
34 
38 
18 
13 
8 
4 


60 
53 
58 
57 
56 
55 
54 
53 
53 
51 
58^ 

49 
48 
47 
46 
45 
44 
43 
43 
41 

i!L 

39 
38 

37 
36 
35 
34 
33 
3S 
31 


18  30 


9 -880938 
9  -880830 


56 
83 


9-880722  48  V 


9-880613 
9-880505 
9  -880397 
9-880289 
9  -880180 
9-880072 


29 

28 


44 
40 
86 
SS 
38 
34 


9-879963130 


26 

24 
23 
22 
21 
20 


9-879855116  19 


9-879746 
9 -879637 
9 -879529 
a*S79420 

9*879311 
9*879202 
9*879093 
9-878984 
9*878875 


48 
44 
48 

9  *878766  S6 


13 

8 
4 

17 


18 
17 
16 

i" 
56 1 14 

53   13 

12 

11 
It 

9 


9-878656 
9  -878547 
9  -878438 
9-878329 
9  -878219 
9  -878109 
9  877999 
9-877890 
9  -877780 


Sine. 


33 
38 

34 

SO 

16 

13 

8 

4 
0 

I 


8 
7 
S 
» 

4 
3 
2 
1 
0 


49  Degrees. 


Sh.  16~m. 


TABLE    5* 
Logantlmiic  SineB,  Tkmgents,  and  Secaats, 


128 


2h.  44m. 


41  Degrees. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
_10 

11 
12 
13 
U 
15 
16 
17 
18 
19 
20 

21 
22 
23 
21 
25 
26 
27 
20 
29 

31 
32 
33 
3t 
35 
36 
37 
38 
39 
_40 

41 
42 
43 
44 
45 
46 
47 
48 
49 

i2. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


• 

0 

4 

8 

13 

16 

20 

34 

38 

33 

S6 

40 


Sine. 


9-816943 
9-817088 
9-817233 
9*817379 
9  -S17524 
9  -817668 
9-817813 
9  -817958 
9-818103 
9  -818247 
9-618392 


44 
48 

59 

56 

45 

4 

8 
19 
16 
20 

94 
98 
39 

36 
40 
44 
48 
S9 
56 
46 

4 
8 
19 
16 
90 
94 
98 
99 
36 
40 

44 

48 

52 
56 
47 

4 

8 

12 

16 

20 

94 
98 

39 
30 
40 
44 
48 
59 
56 


9-818S36 
9-816681 
9-81S825 
9-818969 
9-819113 
9-819857 
9  -819401 
9-819545 
9-619689 
9-619832 


9  -819976 
9 -820120 
9-820263 
9  -.820406 
9  -820550 
9 -820693 
9-820836 
9  -820979 
9  -821122 
9-821265 


9  -821407 
9  -821550 
9  -821693 
9  -821835 
9  -821977 
9  -822120 
9  -822262 
9  -822404 
9  '822546 
9  -822688 

9*822830 
9  -822972 
9-823114 
9 -823255 
9  -823397 
823539 
823660 
823821 
823963 
824104 


Diff. 


9 
9 
9 
9 
9 


I 


T 


824245 
824366 
824527 
824668 
824808 
824949 
825090 
825230 
9  -825371 
9-825511 


242 

242 
242 
242 
241 
241 
241 
241 
241 
241 

241 
210 
240 
240 
240 
240 
240 
240 
239 
239 

239 

239 

239 

239 

289 

238 

238 

2381 

238 

238 

238 
238 
238 
237 
237 
237 
237 
237 
237 
237 

236 
236 
236 
236 
236 
236 
236 
235 
235 
235 

235 
235 
235 
235 
234 
234 
234 
234 
234 
234 


0 
0 
0 
0 
0 
0 
0 
0 
0 
10 


183057 
•182912 
-182767 
-182621 
-182476 
-182332 
-182187 
-182042 
-181897 
-181 753 
-181608 


0 
iO 
0 
0 
0 
0 
0 
0 
0 
0 


-181464 
181319 
181175 
-181031 
-180887 
-180743 
-180599 
'180455 
-180311 
180168 


180024 
179880 
179737 
179594 
179450 
-179307 
-179164 
-179021 
-178878 
-178735 


-178593 
-178450 
-178307 
-178165 
178023 
•177880 
•177738 
•177596 
-177454 
-177312 


•177170 
177028 
•176886 
•176745 
-176603 
-176461 
176320 
176179 
-176037 
-175896 


0  175755 
0*175614 
0-175473 
0*175332 
0*175192 
0-175051 
0-174910 
0*174770 
0-174629 
0-174489 


Ttogent.  |  DiJR 


9  -939163 
9-939418 
939673 
939928 
940183 
940438 
9-940694 
9-940949 
9  -941204 
9-941458 
9-941714 


9 

9 
9 
9 


9-941968 
9-942823 
9-942478 
9-942733 
9-948988 
9-943243 
9-943498 
9*943752 
9  -944007 
9  '944262 


9-944517 
9  -944771 
9  -945026 
9-945281 
9 -945535 
9 -945790 
9 -946045 
9  -946299 
9*946554 
9-946808 


9  947063 
9  -947318 
9 -947572 
9  *947826 
-948081 
-948336 
-948590 
-948844 
•949099 
-949353 


9 
9 
9 
9 
9 
9 


9-949607 
9 -949862 
9-950116 
9 -950370 
9 -950625 
-950879 
-951133 
•951388 
'951642 
•951896 


9 
9 
9 
9 
9 


9  -952150 
9  -952405 
9^2659 
9. 952913 
9  -953167 
9  *953621 
9  -953675 
9  *953929 
9  *954183 
9  -954437 


CoAimg. 


425 
425 
425 
425 
425 
425 
425 
425 
425 
425 

425 
425 
425 
425 
425 
425 
425 
425 
425 
425 

425 
425 

425 
425 
425 
425 
425 
425 
425 
425 

425 
424 
424 
424 
424 
424 
424 
424 
424 
424 

424 
424 

424 
424 
424 
424 
424 
424 
424 
424 

424 
424 
424 
424 
424 
423 
423 
423 
423 
486 


10*666837 
10*660561 
10  -660327 
10  -060072 
10*059817 
10*059562 
10  -059306 
10^059051 
10-058796 
10  -058542 
10-058286 


10*058032 
10-057777 
10  -057522 
10-057267 
10  057612 
10  -056757 
10-056502 
10-666248 
10  •055993 
10 -055738 


10  -065483 
10  -055229 
10-054974 
10*054719 
10 -054465 
10  -054210 
10-058955 
10  -053701 
10 -053446 
10H>53192 


10  -052937 
10  -052682 
10  "052428 
10-052174 
16 -051919 
10  -051664 
10-051410 
10-051156 
10  -050901 
10-050647 


10  -050393 
10-050138 
10-049884 
10  -049630 
10  -049375 
10-049121 
10 -048667 
10*048612 
10  -046358 
10  *048104 


10  *047850 
10*047505 
10-047341 
10-047087 
10*046833 
10*046579 
10*046325 
10*046071 
10*045817 
10 '045503 


Secant. 


122220 
122330 
122440 
122550 
122660 
122770 
122880 
122990 
123101 
123211 
123322 


123432 
123543 
123653 
123764 
123875 
123986 
124096 
124207 
124318 
124429 


124541 
124652 
124763 
124874 
124986 
125097 
125209 
125320 
126432 
125544 


125666 
125768 
125879 
125991 
126104 
126216 
126328 
126440 
126552 
126665 


126777 
126890 
127002 
127115 
127228 
127341 
127453 
127566 
127679 
1277^ 


127905 
128019 
128132 
128245 
128359 
128472 
128566 
128699 
128813 
128927 


D. 


O-MOI&t. 


183 
183 
183 
183 
183 
184 
184 
184 
184 
184 

184 
184 
184 
184 
185 
185 
185 
185 
185 
185 

185 
185 
185 
185 
186 
186 
186 
186 
186 
186 

186 
186 
186 
187 
187 
187 
187 
187 
187 
187 

187 
187 
188 
188 
188 
188 
188 
188 
188 
188 

188 
189 
189 
189 
189 
189 
189 
189 
189 
189 


Co-dne. 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


877780 
877670 
877560 
877450 
877340 
877230 
677120 
877010 
876899 
876789 


9  *876678 


•876568 
876457 
*876347 
-876236 
•876125 
•876014 
-875904 
-875793 
■875682 
-875571 


875459 
875348 
875237 
875186 
875014 
874903 
9-874791 
9  -874680 
9  -874568 
9  -874456 


9 -874344 
9  -874232 
9  -874121 
9  -874009 
9 -878896 
9 -873784 
9 -873672 
9  -873560 , 
9 -873448 
9  -873335 ' 


9 -873223 
9-873110 
9 -872998 
9  -872885 
9 -872772 
9  -872659 ! 
9-872547 
9 -872484 
9 -872321 
9 -872208 


872095 
871981 
871868 
871755 
9  -871641 
9*871528 
9  -871414 
9  871301 
9*871187 
9 -871073 


16 

66 
59 
48 
44 
40 
86 
83 
28 
34 
30 

16 

13 

8 

4 

15 

66 
68 

48 
44 

40 

86 
83 
96 
34 

SO 
16 
18 
6 
4 
14 

66 
63 
48 
44 
40 
86 
88 
38 
34 
80 

16 
13 
8 
4 
16 
66 
62 
48 
44 
40 

36 
83 
38 
34 

30 
16 
IS 

8 
4 
0 


Sine. 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40_ 

39 
38 
37 
36 
35 
34 
33 
32 
31 

ii 

29 
28 
27 
26 
25 
24 
23 
22 
21 

10 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 
7 
6 
5 
4 
3 
8 
1 
0 
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TABLE    5 
Logfsrithmic  Sines,  TangeaU^  a&d  Scanted 

42  Degrees^      


1 


0 

4 
8 


0 

1 

2 

a  13 

4    16 

5|ao 

6    34 

7:38 

ft    S3 

9    86 

20^140 

11 
12 
13 


14 
15 
16 
17 
18 
19 
^ 

21 
22 
23 
24 
25 
26 
27 
28 
29 
2^ 

31 
32 
33 
34 
35 
36 
37 
38 
39 

i£ 
41 

42 

43 

44 

45 
46 
47 
48 
49 
bO 

51 
52 
53 
54 
55 
f.6 


44 
48 

63 
56 


4 

8 

IS 

16 

30 

S« 
38 
S3 
86 
40 
44 
48 
53 
56 

ao 

4 

» 

12 

It 

3a 

34 
38 
S3 

Sft 

4a 

44 
48 
63 

66 
51 

4 

8 

IS 

16 

sa 

34 

38 
S3 

S6 
40 
44 


57  48 
58153 
59;  56 

Tt 


StoB.       Dtf.  I  Go-Beoant 


825511 
825651 
825791 
825931 
826071 
826211 
9  -826351 
9'&26491 
»*826631 
9  *82677(> 
9*826910 


9 
9 
9 
9 
9 
9 


9-827049 
9  -827189 
9  -827328 
9-827467 
9 -827606 
9*827745 
9-827884 
9  -828023 
9  -828162 
9  -828301 


9 -8284391 
9-82857» 
828716 
828655 
828993 
829131 
829269 
829407 
829545 
829683 


9  -829621 
9*829959 
9-830097 
9-830234 
9  -830372 
9*830509 
9-830646 
9-830784 
9-830921 
9-831058 


9 
9 
9 
9 
9 


831195 
831332 
831469 
831606 
831742 
9  -831879 
9-832015 
9 '832152 
9  832288 
9  -832425 


»-88256l 
9-832697 
9-832833 
9-832969 
833105 
833241 
833377 
833512 
833648 


9  -833783 


234 
233 
233 
233 
233 
233 
233 
233 
233 
232 

232 
232 
232 
232 
232 
232 
232 
231 
231 
231 

231 
231 
231 
231 
230 
230 
230 
230 
230 
230 

230 
229 
229 
229 
229 
229 
229 
229 
229 
228 

228 

228 
228 
228 
228 
228 
228 
227 
227 
227 

227 
227 
227 
227 
226 
226 
226 
226 
226 
226 


Co-sine,  j 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 

10 
10 

to 

10 

10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 

n> 

10 
10 
10 
10 
10 
10 
10 


174489 
174349 
1742*9 
174069 
173929 
173789 
173649 
173509 
173369 
173230 
173000 


9 
9 
9 
9 
9 
9 
9 
9 
9 
» 
9 


172951 
172811 
172672 
172533 
172394 
172255 
172116 
171977 
171838 
171699 


]»71561 
171422 
171284 
171145 
171007 
170869 
170731 
170593 
170455 
170317 


170179 
170041 
169903 
169766 
169628 
169491 
169354 
169216 
169079 
168942 


168805 
168668 
168531 
168394 
168258 
168121 
167985 
167848 
167712 
167575 


167439 
167303 
167167 
167031 
166895 
166759 
16662S 
166488 
166352 
166217 


954437 
954691 
954945 
956200 
955454 
955707 
9550^1 
96621& 
95^69 
966723 
956977 


957231 
9fr7485 
9fr773» 
957993 
958246 
958500 
966754 
959008 
959262 
95951^ 


959760 
960023 
960277 
960531 
960784 
961038 
961291 
961545' 
961799 
962052 


962306 
962560 
962813 
963067 
963320 
963574 
963827 
964081 
964335 
964588 


964842 
965095 
965349 
965602 
965855 
966109 
966362 
966616 
966869 
967123 


967376 
987629 
967883 
968136 
968389 
968643 
968898 
969149 
969403 
969656 


Diff. 


423 
423 
423 
423 
423 
423 
423 
423 
423 
423 

42» 

423 
423 
423 
423 
42S 
423 
423 
423 
423 

42$ 
423 
423 
423 
423 
423 
423 
423 
423 
423 

423 
423 
423 
423 
423 
423 
423 
423 
423 
423 

423 
422 
422 
422 
422 
422 
422 
422 
422 
422 

422 
422 
422 
422 
422 
422 
422 
422 
422 
422 


Co-taag- 


10*045563 
18-045309 
10 -045055 
10*044800 
10-044546 
10-044293 
10-044039 
10-043785 
10-043531 
10-043277 
10-043023 


10 -042769 
10  -042515 
10-042281 
10-04(2007 
10-041754 
10-041500 
18*04124^ 
10-040892 
101-040738 
18-040484 


10  -040231 
10-039977 
18-039723 
lO  039469 
10-039216 
i;8 -038862 

10  •^am<^ 

I0-O884l5;r 
18-088281 
10  037948 


18-037694 
10 -037448 
10-037187 
10-036933 
10-036680 
10  -036426 
10-036173 
10-035919 
10  -035665 
ia-035412 


10-035158 
10 -034905 
10-034651 
10-034398 
10-034145 
10-033891 
10-033638 
10-033384 
10-033131 
10-032877 


10 -032624 
10-032371 
10-032117 
10  091864 
10-051611 
10-031357 
10-831104 
10  -030851 
10-030597 
10-080344 


10*128927 
10-129040 
18*129154 
10-129268 
129382 
-129496 
129610 
129724 
129839 
-129953 
130087 


0 
0 
0 
0 
0 
0 


0 
0 
8 
O 
0 
0 
0 
0 
0 
0 


130182 
130298 
130411 
130526 
130640 
130755 
130870 
130885 
151100 
131215 


0-131330 
0-13144& 
0-131560 
0-131878 
0-131791 
0-131907 
0-132022 
0- 132138 
0  -132253 
0-132389 


0-^1324% 
0-132601 
0  '132717 
0-132833 
0-132949 
0-133065' 
0-133181 
0- 133297 
0  133414 
0  133530 


0-133647 
0-133763 
0-133880 
0-133996 
0-134113 
0-134230 
0-134347 
0-134484 
0-134581 
0-134698 


0*154815 
0*134932 
0-135050 
0  -135^167 
0- 135284 
0  135402 
0-135519 
0-135637 
0-13575^ 
0  135873 


D. 


190 
190 
190 
190 
190 
190 
190 
190 
190 
191 

191 
191 
191 
191 
191 
191 
191 
191 
192 
192 


192 
192 

192 
192 
192 
192 
198 
196 
195 

193 
193 
193 
190 
198 
r93 
IW 
194 
194 
194 

194 
194 
194 
194 
195 
195 
195 
195 
195 
195 

195 
195 
195 

195 
196 
196 
196 
196 
196 
196 


9  -871073 
9-870960 
9  -870846 
9-870732 
9-870818 
9*870504 
9-870390 
9-870276 
9  -870161 
9-870047 
9-868933 


IJ. 


9-889818 
0-869704 
9-869580 
889478 
889360 
86824^ 
868130 
868815 
868980 
8078& 


9 

9 

9 

9 

9 

9- 

9 


0-868870 
0-868555 
-868440 
•886324 
-868209 
•868093 
•887978 
-867862 
-8S7747 


0 
9 
9 
9 
9 
9 
9 


9  -867681 


9  -867515 
9-867399 
9  -867283 
9 -867167 
0-867051 
0-888935 
0-866810 
0-866703 
9-868588 
9-868470 


18 
5« 
59 
48 
44 
40 
36 
33 
38 
34 
30 

1« 
13 

8 

4 

U 

5« 

5S 

4t 

44 

40 

3i> 

53 

3S 

94 

20 

16 

IS 

B 

4 

10 

56 
52 
U 
44 
4J0 
56 
02 
38 
34 

so 


9-866353 
9-868237 
9-866120 
9*866004 
9*865887 
9  -865770 
9-865^3 
9  -865536 
9 -885419 
9-865302 


Secant,     j  C»4aiv.  |         I   Tangent.   |  Co-srcant.  ^ 


9  -865185 
9-865068 
9-864950 
9-864833 
9  -864716 
9 -864598 
9-86448} 
9-864363 
9*864245 
9*864127 


16 

IS 

8 

4 

9 

56 

53 

48 
44 
40 

36 

S3 
38 

34 

20 

16 

1? 

8 

4 

0 


66 
59 
58 
57 

^ 
54 
53 

» 

50 

48 
47 
46 
46 
44 
4i 
42 
4! 

ii 

39" 

37 

n6 
:;3 

32 
31 
30 

2^ 
21 
26 
23 
24 
23 
22 
21 
20 

U 
18 
17 
IC 
Ij 
U 
13 
12 

n 

il 
9 

8 

6 
5 
4 

3 
2 
1 
0 


SiiMs* 


Atr 


<.«« 
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Logarithmic 

Sines 

Tangents,  and  Secants.                                   | 

2h.   52m. 

43 

Degrees. 

1 

u 

SilN, 

Diff. 

Co 

(pecnt.     1 

■angrat. 

Diff. 

"     • 

"ecant. 

D. 

Co-iine. 

a 

60 
59 
98 
57 
56 
55 
54 
S3 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
39 
34 
33 
32 

i! 

29 
28 
27 
26 
29 
24 

0        O 

9 -833783 

166217    9 

969656 

422 

1                 4 

10-135873 

,„-   9-864127 
,o"i9-e64010 

1          4 

9 -833919 

ZZ5 
225 

1660B1    9 

10 

135990 

2         B 

9 -S340S4 

165946    9 

970162 

422 
422 
422 
422 
422 
422 
422 
428 
422 
422 

422 
422 
422 
422 
422 
422 
422 
423 
422 
422 
422 
422 
422 
422 
42! 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
422 
421 
421 
421 
421 
421 
421 

1                 8 

136108 

a,    9-963892 

3      13 

9-834189 

165811    9 

970416 

10 

136226 

197 

9-863774 

4      16 

9  -83432S 

165675    9 

970669 

1                 1 

10 

136344 

197 
197 

9-863656 

5    ao 

9-834460 

225 

165540   9 

970922 

1                 8 

10 

136462 

9-B63S3S 

C    »* 

9-83459S 

165405    9 

971175 

1                 5 

10 

136581 

197 

9-863419 

7    ae 

9-834730 

225 
225 

165270   9 

971429 

1                 1 

10 

136699 

197 

9-863301 

e    3 

9 '834865 

10 

165135    9 

971682 

1                 8 

10 

136817 

9-863183 

9      3 

B -834999 

10 

165001    9 

971935 

1                 5 

10 

136936 

197 

9-863064 

10    * 

9-835134 

224 
224 

10 

1G4866    9 

972188 

1                 2 

10 

137054 

197 
199 

9-862946 

'il 

TT  t 

9  -835269 

10 

164731    9 

972441 

10 

027559 

10 

137173 

9  -862827 

12     » 

t    9-835403 

10 

164597    9 

972694 

10 

027306 

to 

137291 

199 
198 

9  -862709 

15    & 

1     9 -835538 

224 
224 
224 
224 
223 

10 

164462    9 

972948 

10 

027052 

10 

137410 

9  '862590 

14      5 

S    9-835672 

10 

1G432S    9 

973201 

10 

028799 

10 

137529 

9  862471 

15    * 

a    9-83SB07 

10 

164193    9 

973454 

10 

026546 

10 

137647 

9  '862353 

r 

16 

4     9-835941 

10 

164059    9 

973707 

10 

026293 

10 

137766 

198 

9  -B62234 

" 

■    9-836075 

163925    9 

973960 

10 

026040 

10 

137885 

198 

9-862115 

18*1 

a    9-836209 

10 

163791    9 

974213 

10 

025787 

10 

138004 

198 

9-861996 

19,  » 

«     9-836343    ^ZX 

10 

163657    9 

374466 

10 

025534 

10 

138123 

198 

9-861877 

i2.» 

o   9-836477 

m 

10 

163523    9 

974719 

10 

025281 

10 

13B242 

198 
199 

9-861758 

Z 

21    a 

4    9-836611 

10 

163389    9 

974973 

10 

025027 

10 

138362 

9-861638 

22    1 

B    9-83fi74B    ""10 

a    9-8JC87B   ??^'I0 
s    9b™12'*"    10 
0    9  WH6:2^2    10 
«    9-Sr279    ;;^10 

163255    9 

975226 

10 

024774 

10 

138481 

199 
199 

9-861519 

23. a 

163122    9 

975479 

10 

024521 

10 

138600 

9 '961400 

24- J 

162988    9 

975732 

10 

024268 

10 

138720 

199 

9  •861280 

2&     4 

162854    9 

975985 

10 

024015 

10 

138839    ;*? 

9-861161 

26    4 

162721    9 

976238 

10 

023762 

10 

138959 

9 '961041 

27 

•  9-t«rji2  :,:,:,  in 

lei'SMH    9 

976491 

10 

023500 

10 

139078 

199 

9  -860922 

28- 

a    9-837546    --,   11) 

162 IM    9 

976744 

10 

023256 

10 

139198 

199 

9  '960802 

29 

«    9-837073    X^-    H) 

162321    9 

978997 

10 

023003 

10 

139318 

199 

9  -860682 

M« 

-9.B378ri;^^ 
4    9  ((37945    1" 
"   9  838078   22J 

10 

162188    9 

977250 

10 

022750 

10 

139438 

200 
200 

9  -880562 

a 

31 

10 

1S2055    9 

977503 

10 

022497 

10 

139558 

9  -960442 

32 
M 
S4- 

ii 

36    1 

10 

161922    9 

977756 

10 

D22244 

10 

139678 

200 

9  -860322 

01 

'   9  838211 

221 
221 
221 
221 

10 

161789   9 

978009 

10 

021991 

10 

139799 

9  -860202 

■    9-838344 

10 

161656   9 

978262 

10 

021738 

10 

139918 

200 

9  '860082 

0    9-838477 

10 

161523    9 

979515 

10 

02I4B5 

10 

140038 

9  '959962 

•    9-838610 
■   » -838742 
V 9 -838875 

181390   9 

978768 

10 

021232 

10 

140158 

200 

9  '85984'^ 

SB   i 
30    a 

10 

161259    9 

979021 

10 

020979 

10 

140279 

200 
201 

9 '859721 

>i 

221 
221 
220 
220 
220 
220 
220 
220 
220 
219 
219 
219 
219 
219 
219 
-219 
219 
218 
218 
218 
218 
218 

10 

161125    9 

979274 

10 

10 

140399 

9  '859601 

22 
21 
20 
TT 
18 
17 
16 

«  l*/J» -839*07 

10 

160993   9 

979527 

10 

020473 

10 

140920 

201 

9  '859480 

10 

160860   9 

979780 

10 

020220 

10 

140640 

201 

9  -859360 

" 

it  ,,/#^39272 

10 

160;28   9 

9B0033 

10 

019967 

10 

140781 

9  '859239 

'  «;, 

«  •B39404 
»  -8S9S36 
%  -a39668 
2-B398O0 
2  -«39932 
*  -840064 
S  -840196 

1  -840328 
:a-840459 

5  -840591 

2  -840722 

10 

160596  9 

990296 

10 

019714 

10 

140981 

201 

9-859119 

11 1' 

10 

160164   9 

980538 

10 

019462 

10 

141002 

201 

9  -858998 

11  •* 

10 

160332    9 

980791 

10 

019209 

10 

141123 

201 

9  -858877 

10 

160200   9 

981044 

10 

01B9S6 

10 

141244 

201 

9  -858756 

a 

«  ' 

10 

160068   9 

981297 

10 

018703 

10 

141365 

202 

9-858635 

it 

10 

159936   9 

981550 

10 

01B4S0 

10 

141486 

202 

9-858514 

i»ii» 

m'," 

10 

159804    9 

981803 

10 

018197 

10 

141607 

202 

9-898393 

10 

159672   9 

9B2056 

10 

017944 

10 

141728 

202 

9-898272 

10 

159541    9 

982309 

10 

017691 

10 

141849 

202 
202 
202 
202 
202 
203 
203 
203 
203 
203 

9  -859151 

» 

10 

10 

159409    9 

982562 

10 

017438 

To 

141971 

9-858029 

10 

1S927B   9 

982814 

10 

017186 

10 

142092 

9  -85790B 

11 

1   S'»\?  ■841640 

10 

159146   9 

9B3067 

10 

016933 

10 

142214 

9-857786 

11 

to 

159015    9 

983320 

10 

016680 

10 

142335 

9-857669 

10 

I5B884    9 

983573 

10 

016427 

10 

142457 

9-897543 

10 

15B7S3    9 

9B3926 

10 

016174 

10 

142578 

9  -857422 

10 

158622    9 

984079 

10 

015921 

10 

142700 

9  -857300 

3 

10 

158191     3 

984331 

le 

015669 

10 

142822 

9  857178 

2 

10 

158360    0 

084584 

10 

015416 

10 

142944 

9-857056 

1'^ 

\^»''-" 

10 

158225    9 

984B37 

421 

10-01S1S3 

10 

143066 

203 

9-856934 

m 

J^'::.-;^^ 

~s. 

™.S~  "c 

o.Uns.  1 

T^»8»t. 

ciT 

KCUlt. 

~ 

Si». 
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TABLE  5. 
ic  Sines,  Tangents,  and  Secants. 


2h.  56m. 


0 
1 
2 
3 

4 
5 

6 
7 
8 
9 
JO 

11 
12 
13 
14 
15 
16 
17 
16 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
JO 

41 
42 
43 
44 
45 
46 
47 
46 
49 
JO 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


Sine. 


0 

« 

8 
13 
16 

ao 

94 

98 
S9 

S6 
40 

44 

48 

59 

56 

97 

4 

8 

19 

16 

90 

94 
98 
S9 

96 
40 
«4 
48 
S9 
66 


9 
9 
9 
9 


641771 

841902 

842033 

842163 

842294 

842424 

842555 

842685 

.  9  -842815 

'  9 -842946 

9 -843076 


9 
9 

:9 


»9 
9 
9 

'S 
i9 


9 
9 
9 
9 
9 


'843206 
643336 
843466 
843595 
843725 
843855 
843984 
844114 
844243 
844372 


9  -844502 
9  -844631 
9-844760 
9  -844889 
9  845018 
9  -845147 


Diff. 


9  -845276 
' 9  -845405 
1 9  -845533 

9  -845662 


4 
8 
19 
16 
90 
94 
98 
S9 
S6 
40 

44 

48 
69 
56 


4 

8 

19 

16 

90 

94 

98 
39 
86 
40 
44 
48 
59 
56 
60 


9 -845790 
9-845919 
9-846047 
9 -846175 
9*846304 
9 -846432 
9-846560 
9-646688 
9  -846816 
9  -846944 


9-847071 
9-847199 
9  -847327 
9-847454 
9-647582 
9  -647709 
9  -647836 
9  -847964 
9  -648091 
9  -848218 


9  -848345 
9*848472 
9  -648599 
9  -848726 
9  -ai8852 
9 -648979 
9-849106 
9  -849232 
9  -849359 
9  '649485 


Co-sine. 


44  Degrees. 


Co-aeamt.  |  Tangent. 


218 

216 

216 

217 

217 

2171 

217 

217 

217 

217 

217! 

216' 

216' 

216' 

216 

216' 

216 

216! 

216 

215 

215 
215 
215 
215 
215 
215 
215 
214 
214 
214 

214 
214 
214 
214 
214 
214 
213 
213 
213 
213 

213 
213 
213 
213 
212 
212 
212 
212 
212 
212 

212 
212 
211 
211 
211 
211 
211 
211 
211 
211 


10-158229 
10-158098 
157967 
157837 
157706 
157576 
157446 
157315 
157185 
157054 
156924 


10 
10 
10 
10 
10 
10 
10 
10 
10 


Diff.  I  Co-tang.  |  Secant. 


D. 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


156794 
156664 
156534 
156405 
156275 
156145 
156016 
155886 
155757 
155628 


10 
10 
10 


155498 
155369 
155240 
10-155111 
10-154962 
154853 
154724 
154595 
154467 
154338 


9  -984837 
9-985090 
9  -985343 
9  965596 
-985846 
•986101 
•986354 
-986607 
-986660 
•987112 
-987365 


9 -987619 
9-987871 
9-988123 
9  -986376 
988629 
988882 
989134 
989387 
989640 
989893 


10 
10 
10 
10 
10 


10  -154210 
10-154061 
10 -153953 
10-153825 
10-153696 
10-153568 
10-153440 
10-153312 
10-153184 
10-153056 


10  -152929 
10-152801 
10-152673 
10-152546 
152418 
152291 
10-152164 
10-152036 
151909 
151782 


10 
10 


10 
10 


9  -990145 
9-990398 
9-990651 
9-990903 
991156 
991409 
991662 
991914 
9  -992167 
9-992420 


9 
9 
9 
9 


9  -992672 
9  -992925 
9-993178 
9  -993430 
9  -993663 
9  -993936 
■994169 
'994441 
'994694 
994947 


9 
9 
9 
9 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


151655 
151528 
151401 
151274 
151146 
151021 
150894 
150768 
150641 
150515 


9  '995199 
9 -995452 
9  -995705 
995957 
996210 
996463 
996715 
996968 
997221 
997473 


9  -997726 
9 -997979 
9 -996231 
9  -998464 
9  -998737 
9  -998969 
9  -999242 
9  -999495 
a  -999747 
.0-000000 


Co-tang. 


421 
421 
421 
421 
421 
421 
421 
421 
421 
421 

421 
421 
421 
421 
421 
421 
421 
421 
421 
421 

421 
421 
421 
421 
421 
421 
421 
421 
421 
421 

421 
421 
421 
421 
421 
421 
421. 
421 
421 
421 

421 
421 

421 
421 
421 
421 
421 
421 
421 
421 

421 
421 
421 
421 
421 
421 
421 
421 
421 
421 


1 10 
10 
10 
10 

ilO 
10 
10 
10 
10 
10 
10 


10 

10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


015163  10 
014910  10 
014657  10 
014404  <  10 
014152; 10 
013899  10 
013646 '  10 
0133931 10 
013140  10 
012868  10 
012635 1 10 


•143066 
•143188 
-143310 
-143432 
■143554 
-143677 
143799 
143922 
144044 
144167 
144269 


012382 
012129 
011877 
011624 
011371 
011118 
010866 
010613 
010360 
010107 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


-144412 
-144535 
'144658 
■144761 
•144904 
■14&027 
145150 
145273 
145397 
145520 


009855 
009602 
009349 
009097 
008844 
008591 
008338 
006086 
007833 
007580 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


■145644 
-145767 
■145691 
■146014 
■146138 
■146262 
■146386 
-146510 
146634 
146758 


007328 
007075 
006622 
006570 
006317 
006064 
005811 
005559 
005306 
005053 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


■146882 
■147006 
■147131 
-147255 
■147380 
147504 
-147629 
-147753 
-147878 
-148003 


004801 
004548 
004295 
004043 
003790 
003537 
003285 
003032 
002779 
002527 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


148126 
■146253 
-148378 
•148503 
-148626 
-148754 
■148879 
-149004 
-149130 
-149255 


002274 
002021 
001769 
001516 
001263 
001011 
000756 
000505 
000253 
000000 


Tuigent. 


10-149361 
10-149507 
10 -149632 
10-149756 
10  149684 
10-150010 
10  -150136 
10-150262 
10  -150389 
10  150515 


203 
203 
204 
204 
204 
204 
204 
204 
204 
204 

205 
205 
205 
205 
205 
205 
205 
205 
206 
206 

206 
206 
206 
206 
206 
206 
206 
207 
207 
207 

207 
207 
207 
207 
207 
207 
208 
208 
208 
208 

208 
208 
208 
208 
209 
209 
209 
209 
209 
209 

209 
209 
210 
210 
210 
210 
210 
210 
210 
210 


Co-ain^- 


9-856934 
9-656812 
9-856690 
9-856568 
9  -856446 
9-856323 
9-856201 
9-856078 
9-855956 
9-8558^3 
9-855711 


9  -8555S8 
9-855465 
9-655342 
9  -855219 
9-655096 
9  -854973 
9-854850 
9  -854727 
9-654603 
9  -854460 


9  -854356 
9-654233 
9  854109 
9-853986 
9-853862 
9  -853738 
9  -853614 
9-853490 
9-653366 
9  653242 


9 
9 
9 
9 

9 
9 
9 
9 
9 


853118 
852994 
852869 
852745 
852620 
852496 
852371 
852247 
852122 


9  -851997 


9  -351872 
9-851747 
9  -851622 
851497 
851372 
851246 
851121 
850996 
9-650870 
9  -850745 


650619 
850493 
850368 
850242 
850116 
849990 
849864 
9  -849738 
9-849611 
9  -849485 


A 

5€ 

61 

48 

44 

40 

86 

89 

98 

94 

90 

16 
19 
6 
4 
3 
56 
59 
4S 
44 
40 

36 
89 
9S 
94 

90 

16 
12 

8 
4 

a 

56 
52 
4S 
44 
40 
96 
19 
>S 
24 
SO 

16 

IS 

4 
1 
56 
5S 
4S 
44 
40 

S6 

sa 
as 

14 

90 
16 

la 


45  Degrees. 


Sine. 


dh.  Om« 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 

a 

47 

46 
45 
44 
43 
4t 
41 

ii 
39 

36 

37 
36 
35 
34 
33 
32 
31 
30 

2t 
28 
27 
26 
25 
24 
2Z 
2t 
21 
2j 

19 
18 
17 
11 

IS 
14 
13 
12 
11 
10^ 

9 
S 
f 

6 
5 

4 

i 

t 
1 


TABTiK  6. 
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Meridional  Pabts. 

/ 

0** 

r 

20  30 

4'' ;  5» 

6^ 

7° 

8* 

90 

10« 

ir 

120 

n** 

14" 

15" 

/ 

0 

0 

60 

120  180 

240  300 

361  421 

482 

542 

603 

664 

725 

787 

849 

910 

0 

1 

1 

61 

121  181 

241  301 

362  422 

483 

543 

604 

665 

726 

788 

850 

912 

1 

2 

2 

62 

122  182 

242  302 

363  423 

484 

544 

605 

666 

727 

789 

851 

913 

2 

3 

3 

63 

123  183 

243  303 

364  i  424 

485 

545 

606 

667 

728 

790 

852 

914 

3 

4 

4 

64 

124  184 

244  304 

365 ; 425 

486 

546 

607 

668 

729 

791 

853 

915 

4 

5 

5 

65 

125  185 

245  305 

366 

426 

487 

547 

608 

669 

730 

792 

854 

916 

5 

6 

6 

66 

126  186 

246  306 

367 

427 

488 

548 

609 

670 

731 

793 

855 

917 

6 

7 

7 

67 

127  187 

247  307 

368 

428 

489 

549 

610 

671 

732 

794 

856 

918 

6 

8 

8 

68 

128  188 

248  308 

369 : 429 

490 

550 

611 

672 

734 

795 

857 

919 

8 

9 

9 

69 

129  189 

249 

309 
310 

370  430 

491 

551 

612 

673 

735 

796 

858  920 

9 

10 

10 

70 

130  19U 

250 

371  431 

492 

552 

613 

674 

736 

797 

859  921 

10 

11 

11 

71 

131  191 

251  311 

372 1 432 

493 

553 

614 

675 

737 

798 

860 '  922 

11 

12 

12 

72 

132  192 

252  312 

373 1 433 

494 

564 

615 

676 

736 

799 

861  923 

12 

13 

13 

73 

133  193 

253 '313 

374 !  434 

495 

555 

616 

677 

739 

800 

862  924 

13 

14 

14 

74 

134  194 

254  314 

375  435 

496 

556 

617 

678 

740 

801 

863  925 

14 

15 

15 

75 

135  195 

255 .  315 

376  i  436 

497 

557 

618 

079 

741 

802 

864  926 

15 

16 

16 

76 

136  196 

256 '  316 

377  i  437 

498 

558 

619 

660 

742 

808 

865  927 

16 

17 

17 

77 

137  197 

257  317 

378  438 

499 

559 

620 

681 

743 

804 

866  928 

17 

18 

18 

78 

138  198 

258  318 

379 

439 

500 

560 

621 

682 

744 

805 

867  929 

18 

19 

19 

79 

139  199 

259  319 

380 

440 

501 

561 

622 

683 

745 

806 

868  930 

19 

20|  20  1 

80 

140  200 

260  320 

381 

441 

502 

562 

623 

684 

746 

807 

869  931 

20 

21 

21 

81 

141  201 

261 1 321 

382 

442 

503 

564 

624 

685 

747 

808 

870  932 

21 

22 

22 

82 

142  202 

262  322 

383 

443 

504 

565 

625 

687 

748 

809 

871  933 

22 

23 

23 

83 

143  203 

263.323 

384 

444 

505 

566 

626 

688 

749 

810 

872  934 

23 

24 

24 

84 

VI4  204 

264  324 

385 

445 

506 

567 

627 

689 

750 

811 

873  935 

24 

25 

25 

85 

145  205 

265  325 

386 

446 

507 

568 

628 

690 

751 

812 

874  936 

25 

26 

26 

86 

146  206 

266 ,  326 

387 

447 

508 

569 

629 

691 

752 

813 

875  937 

26 

27 

27 

87 

147  207 

267  i  327 

388 

448 

509 

570 

631 

692 

753 

815 

876  938 

27 

28 

28 

88 

148  208 

268  i  328 

389 

449 

510 

571 

632 

693 

754 

816 

877  939 

28 

29 
30 

29 

89 

149  209 

269  330 

390 

450 

511 

572 

633 

694 

755 

817 

878  941 

29 

30 

90 

150  210 

|270  331 

391 

451 

512 

573 

634 

695 

756 

818 

879  942 

30 

31 

31 

91 

151 '  211 

271  332  392 1 

452 

513 

574 

635 

696 

757 

819 

880  943 

31 

32 

32 

92 

152  212 

272 

333 

393 

453 

514 

575 

636 

697 

758 

820 

882 

944 

32 

33 

33 

93 

153  %i^ 

273 

334 

394 

454 

515 

576 

637 

698 

759 

821 

883 

945 

33 

34 

34 

94 

154 ;  214 

274 

335 

395 

465 

516 

577 

638 

699 

760 

822 

884 

946 

34 

35 

35 

96. 

155  1 215 

275 

336 

396 

456 

517 

578 

639 

700 

761 

823 

885 

947 

35 

36 

36 

96 

156 !  216 

276 

337 

397 

457 

518 

579 

640 

701 

762 

824 

886 

948 

36 

37 

37 

97 

157  217 

277 

338 

398 

458 

519 

580 

641 

702 

763 

825 

887 

949 

37 

38 

38 

98 

158  i  218 

278 

339 

399 

459 

520 

581 

642 

703 

764 

826 

888 

950 

38 

39 

39 

99 

159  219 

279  340 

400 

460 

521 

582 

643 

704 

765 

827 

889 

951 

39 

40 

40 

100 

160  220 

280  341 

401 

461 

522 

583 

644 

705 

766 

828 

890 

952 

40 

41 

41 

101 

161 

221 

281  342 

402 

462 

523 

584 

645 

706 

767 

829 

891 

953 

41 

42 

42 

H>2 

162 

222 

282  343 

403 

463 

524 

585 

646 

707 

768 

830 

892 

954 

42 

43 

43 

103 

163 

223 

283 

344 

404 

464 

525 

586 

647 

708 

769 

831 

893 

955 

43 

44 

44  104 

164 

224 

284 

345 

405 

465 

526 

587 

648 

709 

770 

832 

894 

956 

44 

45 

45  105 

165 

225 

285 

346 

406 

466 

527 

588 

649 

710 

771 

833 

895 

957  45 

46 

46 

106 

166 

226 

286 

347 

407 

467 

528 

589 

650 

711 

772 

834 

896 

958  46 

47 

47 

107 

167 

227 

287 

348 

408 

468 

589 

590 

651 

712 

773 

835 

897 

959 

47 

48 

48 

108 

168 

228 

288 

349 

400 

469 

580 

591 

652 

713  774 

836 

898 

960 

48 

49  49 

109  1 169  !  229 

289 

350 

410 

470 

471 

531 

m 

599 

ftua 

653 

«54 

714 

|776 

837 

899 

961 

49 

50 

50 

110 

170,230 

290 

351 

411 

h5 

777 

838 

900 

962 

50 

51 

51 

111 

171 

231 

291 

359 

413 

471 

533 

594 

655 

716 

778  839 

901 

963 

51 

52 

52 

112 

172 

232 

292 

853 

41$ 

473 

514 

595 

656 

717 

779  840 

902  964 

52 

53 

53 

113 

173 

233 

293 

354 

414 

474 

585 

596 

657 

718 

780 

841 

903  965 

53 

54 

54 

114 

174 

234 

204 

355  415 

476 

536 

597 

658 

719 

781 

842 

904 

966 

54 

55 

55 

115 

175 

295 

295 

356  416 

477 

537 

598 

650 

720 

782 

843 

905 

968 

55 

56 

56 

116 

176 

836 

296 

357 

417 

478 

538 

599 

660 

721 

783 

844 

906 

969 

56 

57 

57 

117 

177 

237 

297 

368 

418 

479 

580 

600 

661 

722 

784 

845  907 

970 

57 

58 

58 

118 

178 

238 

298 

359 

419 

480 

540 

'  601 

662  723 

785 

846  908 

971 

58 

59 

^  59 

119 

179 

288 

299 

360 

420 

481  541 

602 

663 

'724 

786 

847  909  979 

\    59 

' 

0* 

1* 

2"  1  »" 

4'  1  5" 

"  i''|7*  |8'  !»•  |10' 

'CTP 

■,-iF 

13"  14*  15* 

1 

I'M 


TABLE    6. 
Meridional  Porta. 


1 


f 

16*» 

17** 

18'' 

19- 

20" 

21" 

22" 

23" 

24"  25" 

26" 

27" 

28" 

f 

0 

1 

2 
3 

4 
5 
6 
7 
8 
9 

973 
974 
975 
976 
977 
978 
979 
980 
981 
982 

1035 
1036 
1037 
1038 
1039 
1041 
1042 
1043 
1044 
1045 

1098 
1099 
1100 
1101 
1102 
1103 
1105 
1106 
1107 
1108 

1161 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 

1225 
1226 
1227 
1228 
1229 
1230 
1232 
1233 
1234 
1235 

1289 
1290 
1291 
1292 
1293 
1295 
1296 
1297 
1298 
1299 

1354 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 

1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 

1484 
1485 
1486 
1487 
1488 
1490 
1491 
1492 
1493 
1494 

>1550 
1551 
1552 
1553 
1554 
1556 
1557 
1558 
1559 
1560 

1616 
1618 
1619 
1620 
1621 
1622 
1623 
1624 
1625 
1626 

1684 
1685 
1686 
1687 
1688 
1689 
1690 
1691 
1693 
1694 

1751 
1752 
1753 
1755 
1756 
1757 
1758 
1759 
1760 
1761 

0 
I 
t 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

983 
984 
985 
986 
987 
988 
989 
990 
991 
993 

1046 
1047 
1048 
1049 
1050 
1051 
1052 
1053 
1054 
1055 

1109 
1110 

nil 

1112 
1113 
1114 
1115 
1116 
1117 
1118 

1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1181 
1182 

1236 
1237 
1238 
1239 
1240 
1241 
1242 
1243 
1244 
1245 

1300 
1301 
1302 
1303 
1304 
1306 
1306 
1307 
1308 
1310 

1364 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 

1430 
1431 
1432 
1433 
1434 
1435 
1436 
1437 
1438 
1439 

1495 
1496 
1497 
1498 
1499 
1500 
1502 
1503 
1504 
1505 

1561 
1562 
1563 
1564 
1565 
1567 
1568 
1569 
1570 
1571 

1628 
1629 
1630 
1631 
1632 
1633 
1634 
1635 
1637 
1638 

1695 
1696 
1697 
1698 
1699 
1700 
1701 
1703 
1704 
1705 

1762 
1764 
1765 
1766 
1767 
1768 
1769 
1770 
1772 
1773 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

994 
995 

sRrO 

997 
998 
999 
1000 
1001 
1002 
1003 

1056 
1057 
1058 
1069 
1060 
1061 
1063 
1064 
1065 
1066 

1119 
1120 
1121 
1122 
1123 
1125 
1126 
1127 
1128 
1129 

1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 

1246 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 

1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 

1375 
1376 
1377 
1379 
1380 
1381 
1382 
1383 
1384 
1385 

1440 
1441 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 

1506 
1507 
1508 
1509 
1510 
1511 
1513 
1514 
1515 
1516 

1572 
1573 
1574 
1575 
1577 
1578 
1579 
1580 
1581 
1582 

1639 
1640 
1641 
1642 
1643 
1644 
1645 
1647 
1648 
1649 

1706 
1707 
1708 
1709 
1711 
1712 
1713 
1714 
1715 
1716 

1774 
1775 
1776 
1777 
1778 
1780 
1781 
1782 
1783 
1784 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

1001 
1005 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1013 

1067 
1068 
1069 
1070 
1071 
1072 
1073 
1074 
1075 
1076 

1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
1138 
1139 

1193 
1194 
1195 
1196 
1198 
1199 
1200 
1201 
1202 
1203 

1257 
1258 
1259 
1260 
1261 
1262 
1264 
1265 
1266 
1267 

1321 
1322 
1324 
1325 
1326 
1327 
1328 
1329 
1330 
1331 

1386 
1387 
1388 
1389 
1390 
1392 
1393 
1394 
1395 
1396 

1451 
1452 
1453 
1455 
1456 
1457 
1458 
1459 
1460 
1461 

1517 
1518 
1519 
1520 
1521 
1522 
1524 
1525 
1526 
1527 

1583 
1584 
1585 
1586 
1588 
1589 
1590 
1591 
1592 
1593 

1650 
1651 
1652 
1653 
1654 
1656 
1657 
1658 
1659 
1660 

1717 
1718 
1720 
1721 
1722 
1723 
1724 
1725 
1726 
1727 

1785 
1786 
1787 
1789 
1790 
1791 
1792 
1793 
1794 
1795 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

1014 
1015 
1016 
K\H 

1019 
1020 
1021 
1022 
1023 
1024 

1077 
1078 
1079 
1080 
1081 
1082 
1084 
1085 
1086 
1087 

1140 
1141 
1142 
1144 
1145 
1146 
1147 
1148 
1149 
1150 

1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 

1268 
1269 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 

1332 
1333 
1334 
1335 
1336 
1338 
1339 
1340 
1341 
1342 

1397 
1398 
1399 
1400 
1401 
1402 
1403 
1405 
1406 
1407 

1462 
1463 
1464 
1465 
1467 
1468 
1469 
1470 
1471 
1472 

1528 
1529 
1530 
1531 
1532 
1533 
1535 
1536 
1537 
1538 

1594 
1595 
1596 
1598 
1599 
1600 
1601 
1602 
1603 
1604 

1661 
1662 
1663 
1664 
1666 
1667 
1668 
1669 
1670 
1671 

1729 
1730 
1731 
1732 
1733 
1734 
1735 
1736 
1738 
1739 

1797 
1798 
1799 
1800 
1801 
1802 
1803 
1805 
1806 
1807 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
5b 
56 
57 
58 
59 

1025 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
1034 

1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 

1151 
1152 
1153 
1154 
1155 
1156 
1157 
1156 
1159 
1160 

1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 

1278 
1280 
1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 

1343 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1352 
1353 

1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1418 

1473 
1474 
1475 
1476 
1477 
1479 
1480 
1481 
1482 
1483 

1539 
1540 
1541 
1542 
1543 
1544 
1546 
1547 
1548 
1549 

1605 
1606 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 

1672 
1673 
1675 
1676 
1677 
1678 
1679 
1680 
1681 
1682 

1740 
1741 
1742 
1743 
1744 
1746 
1747 
1748 
1749 
1750 

1808 
1809 
1810 
1811 
1813 
1814 
1815 
1816 
1817 
1818 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

lO'' 

17* 

18» 

19**  1  20" 

21" 

22" 

23" 

24" 

1  25* 

26" 

27"  1  28-  1 

TABLES. 
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'  1 

»•   30»^ 

31« 

82» 

33» 

34* 

35. 

86* 

37» 

88* 

39*  i»   I  41* 

/ 

O  1 

819 

1888 

1958 

2028 

2100 

2171 

2244 

2318 

2393 

2468 

2545 

2623 1 2702 

0 

1  1 

821 

1890 

1959 

2030 

2101 

2173 

2246 

2319 

2394 

2470 

2546 

2624 

2703  1 

2  1822 

3  18231 

1891 

1960 

2031 

2102 

2174 

2247 

2320 

2395 

2471 

2548 

2625 

2704  2 

1892 

1962 

2032 

2103 

2175 

2248 

2322 

2396 

2472 

2549 

2627 

2706 

3 

4  1 

L824 

1893 

1963 

2033 

2104 

2176 

2249 

2323 

2398 

2473 

2550 

2628 

2707 

4 

5  1 

L82&  1894 

1964 

2034 

2105 

2178 

2250 

2324 

2399 

2475 

2551 

2629 

2708 

5 

6  1826 

1895 

1965 

2085 

2107 

2179 

2252 

2325 

2400 

2476 

2553 

2631 

2710 

6 

7  1827 

1896 

1966 

2037 

2108 

2180 

2253 

2327 

2401 

2477 

2554 

2632 

2711 

7 

8  1829 

1898 

1967 

2038 

2109 

2181 

2254 

2328 

2408 

2478 

2555 

2633 

2712 

8 

9  1830 

1899 

1969 

2039 

2110 

2182 

2255 

2329 

2404  2480 

2557 

2634 

2714 

9 

10  1831 

1900 

1970 

2040 

2111 

2184 

2257 

2330 

2405 

2481 

2558 

2636 

2715 

10 

11  1832 

1901 

1971 

2041 

2113 

2185 

2258 

2332 

2406 

2482 

2559 

2637 

2716 

11 

12  1833 

1902 

1972 

2043 

2114 

2186 

2259 

2333 

2408 

2484 

2560 

2638 

2718 

12 

13  1834 

1903 

1973 

2044 

2115 

2187 

2260 

2334 

2409 

2485 

2562 

2640 

2719 

13 

14  1835 

1905 

1974 

2045 

2116 

2188 

2261 

2335 

2410 

2486 

2563 

2641 

2720 

14 

1    15  1837 

1906 

1976 

2046 

2117 

2190 

2263 

2337 

2411 

2487 

2564 

2642 

2722 

15 

1    1^ 

1838 

1907 

1977 

2047 

2119 

2191 

2264 

2338 

2413 

2489 

2566 

2644 

2723 

16 

1    ^7 

1839 

1908 

1978 

2048 

2120 

2192 

2265 

2339 

2414 

2490 

2567 

2645 

2724 

17 

1    ^8 

1840 

1909 

1979 

2050 

2121 

2193 

2266 

2340 

2415 

2491 

2568 

2646 

2726 

18 

1    19 

1841 

1910 

1980 

2051 

2122 

2194 

2268 

2342 

2416 

2492 

2569 

2648 

2727 

19 

1    20 

1842 

1912 

1981 

2052 

2128 

2196 

2269 

2343 

2418 

2494 

2571 

2b49 

2728 

20 

1    21 

1843 

1913 

1983 

2053 

2125 

2197 

2270 

2344 

2419 

2495 

2572 

2650 

2729 

21 

1    22 

1845 

1914 

1984 

2054 

2126 

2198 

2271 

2345 

2420 

2496 

2573 

2651 

2731 

22 

1    23 

1846 

1915 

1985 

2056 

2127 

2199 

2272 

2346 

2422 

2498 

2575 

2653 

2732 

23 

1    24 

1847 

1916 

1986 

2057 

2128 

2200 

2274 

2348 

2423 

2499 

2576 

2654 

2733 

24 

1    ^ 

1848 

1917 

1987 

2058 

2129 

2202 

2275 

2349 

2424 

2500 

2577 

2655 

2735 

25 

1    26 

1849 

1918 

1988 

2059 

2131 

2203 

2276 

2350 

2425 

2501 

2578 

2657 

2736 

26 

1    27  1 1850 

1920 

1990 

2060 

2132 

2204 

2277 

2351 

2427 

2503 

2580 

2658 

2737 

27 

1    28 

1852 

1921 

1991 

2061 

2133 

2205 

2279 

2353 

2428 

2504 

2581 

2659 

2739 

28 

1    29 

1853 

1922 

1992 

2063 

2134 

2207 

2280 

2354 

2429 

2505 

2582 

2661 

2740 

29 

1    30 

1854 

1923 

1993 

2064 

2135 

2208 

2281 

2355 

2430 

2506 

2584  2662 

2742 

30 

1   31 

1855 

1924 

1994 

2065 

2137 

2209 

2282 

2356 

2432. 

2508 

2585  2663 

2743 

31 

1   ^2 

1856 

1925 

1995 

2066 

2138 

2210 

2283 

2358 

2433 

2509 

2586 

2665 

2744 

32 

1   ^ 

1857 

1927 

1997 

2067 

2139 

2211 

2285 

2359 

2434 

2510 

2588 

2666 

2746 

83 

1   ^ 

J858 

1928 

1998 

2069 

2140 

2213 

2286 

2360 

2435 

2512 

2589 

2667 

2747 

84 

1   35 

1860 

1929 

1999 

2070 

2141 

2214 

2287 

2361 

2437 

2513 

2590 

2669 

2748 

35 

1    36 

1861 

1930 

2000 

2071 

2143 

2215 

2288 

2363 

2438 

2514 

2591 

2670 

2750 

36 

1    '7 

1862 

1931 

2001 

2072 

2144 

2216 

2290 

2364 

2439 

2515 

2593 

2671 

2751 

37 

1   88 

1863 

1932 

2002 

2073 

2145 

2217 

2291 

2365 

2440 

2517 

2594 

2673 

2752 

38 

1   39 

1864 

1934 

2003 

2075 

2146 

2219 

2292 

2366 

2442 

2518 

2595 

2674 

2754 

39 

1   40 

1865 

1935 

2005 

2076 

2147 

2220 

2293 

2368 

2443 

2519 

2597 

2675 

2755 

40 

1   41 

1866 

1936 

2006 

2077 

2149 

2221 

2295 

2369 

2444 

2521 

2598 

2676 

2756 

41 

1   42 

1868 

1937 

2007 

2078 

2150 

2222 

2296 

2370 

2445 

2522 

2599 

2678 

2758 

42 

1   43 

1869 

1938 

2008 

2079 

2151 

2224 

2297 

2371 

2447 

2523 

2601 

2679 

2759 

43 

1   44 

1870 

1939 

2010 

2080 

2152 

2225 

2298 

2373 

2448 

2524 

2602 

2680 

2760 

44 

1   45 

1871 

1941 

2011 

2082 

2153 

2226 

2299 

2374 

2449 

2526 

2603 

2682 

2762 

45 

1   46 

1872 

1942 

2012 

2083 

2155 

2227 

2301 

2375 

2451 

2527 

2604 

2683 

2763 

46 

47 

1873 

1943 

2013 

2084 

2156 

2228 

2302 

2376 

2452 

2528 

2606 

2684 

2764 

47 

48 

1875 

1944 

2014 

2085 

2157 

2230 

2303 

2378 

2453 

2530 

2607 

2686 

2766 

48 

49 

1876 

1945 

2015 

2086 

2158 

2231 

2304 

2379 

2454 

2531 

2608 

2688 

2767 

49 

50 

1877 

1946 

2017 

2088 

2159 

2232 

2306 

2380 

2456 

2532 

2610 

2768 

50 

51 

1878 

1948 

2018 

2089 

2161 

2233 

2307 

2381 

2457 

2533 

2611 

2690 

2770 

51 

52 

1879 

1949 

2019 

2090 

2162 

2235 

2308 

2383 

2458 

2535 

2612 

2691 

2771 

52 

53 

1880 

1950 

2020 

2091 

2163 

2236 

2309 

2384 

2459 

2536 

2614 

2692 

2772 

53 

54 

1881 

1951 

2021 

2092 

2164 

2237 

2311 

2385 

2461 

2537 

2615 

2694 

2774 

54 

55 

1883 

1952 

2022 

2094 

2165 

2238 

2312 

2386 

2462 

2538 

2616 

2695 

2775 1  55. 

56 

1884 

1953 

2024 

2095 

2167 

2239 

2313 

2388 

2463 

2540 

2617 

2696 

2776 

56 

57 

1885 

1955 

2025 

2096 

2168 

2241 

2314 

2389 

2464 

2541 

2619 

2698 

2776 

57 

58 

1886 

1956 

2026 

2097 

2169 

2242 

2316 

2390 

2466 

2542 

2620 

2699 

2779 

58 

59 

1887 

1957 

2027 

2098 

2170 

2243 

2317 

2391 

2467 

2544 

2621 

2700 

2780 

59 

'  1  W   30» 

31« 

32* 

33«  1  34»  1  35* 

36« 

ZT 

38*   39* 

40»  1  41» 

"r 

6 
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TABLE  6. 

Meridional  Parts. 


# 

42° 

2782 

43*  !  44'  45'  [  46'' 

47* 

49* 

49* 

50* 

51* 

52* 

W 

54* 

f 

0 

2863  2946  3030  3116 

3203 

3292 

3382 

3474 

3569 

3665 

3764 

3865 

~ 

1 

2783 

2864 '2947  3031  3117 

3204 

3293 

8884 

3476 

3»76 

3667 

3765 

3866 

1 

2 

2784 

2866  2949  3033 

3118 

3206 

3295 

8385 

3478 

3»72 

3668 

3767 

3S68 

2 

3 

2786 

2867,2950  3034 

3120 

3207 

3296 

3387 

8479 

3574 

3670 

3769 

3870 

8 

4 

2787 

2869 '2951  3036 

3121 

3209 

3298 

3388 

8481 

3^75 

3678 

8776 

3872 

4 

5 

278S 

2870 

2953 

3037 

3123 

3210 

3299 

8390 

8482 

8577 

3678 

3772 

3873 

5 

6 

2790 

2871 

2954 

3038 

3124 

3212 

3301 

3391 

8484 

357» 

3675 

3774 

3875 

6 

7 

2791 

2873 

2956 

3040 

3126 

3213 

8302 

8393 

8485 

3580 

3677 

3775 

3877 

7 

8 

2792 

2874 

2957 

3041 

3127 

3214 

8303 

3394 

8487 

8562 

8678 

3777 

3878 

8 

9 

2794 

2875 

2958 

3043 

3129 

3216 

8305 

8396 

8488 

8583 

3680 

3779 

3880 

9 

10 

2795 

2877 

2960 

3044 

3130 

3217 

3806 

8397 

8490 

8585 

3681 

3780 

38ffi 

10 

11 

2797 

2878 

2961 

3046 

3131 

3219 

8308 

8399 

8492 

8586 

868S 

3782 

3883 

11 

12 

2798 

2880 

2963 

3047 

3133 

3220 

3809 

8400 

8498 

8588 

3685 

5764 

3885 

12 

13 

2799 

2881 

2964 

3048 

3134 

3222 

8311 

8402 

8495 

8590 

3686 

3785 

3887 

13 

14 

2801 

2882 

2965 

3050 

3136 

3223 

8812 

8403 

8496 

8591 

3688 

3787 

3899 

14 

15 

2802 

2884 

2967 

3051 

3137 

3225 

8814 

3405 

8498 

8593 

3690 

8789 

38M 

15 

16 

2803 

2885 

2968 

3053 

3139 

3226 

8816 

8407 

8499 

3594 

8691 

3796 

8892 

16 

17 

2805 

2886 

2970 

3054 

3140 

3228 

8817 

3408 

8501 

8596 

8698 

8792 

8894 

17 

19  2806 

2888 

2971 

3055 

3142 

3229 

8819 

8410 

8508 

8598 

3695 

8794 

8895 

18 

19 

2807 

2889 

2972 

3057 

3143 

3231 

8320 

8411 

8504 

8590 

3696 

3795 

3897 

19 

25^09 

2891 

2974 

3058 

3144 

3232 

3822 

8413 

8506 

8601 

3698 

8797 

8899 

20 

21  2^10 

2892 

2975 

3060 

3146 

3234 

8823 

8414 

8507 

8602 

8699 

3799 

3901 

21 

«  2811 

2893 

2976 

3061 

8147 

3235 

3325 

8416 

8509 

8604 

3701 

3800 

8902 

28 

23  2^513 

2<»95 

2978 

3063 

3149 

3237 

8826 

8417 

8510 

8606 

3703 

8802 

8904 

23 

t4  2:^11 

2^96 

2979 

3064 

3150 

8238 

8328 

8419 

8512 

8607 

3704 

8804 

3906 

24 

W  2SU\  28:1712981 

3065 

3152 

3240 

8329 

8420 

8514 

8609 

8706 

8806 

3907 

85 

t^  SS^:  ^??9'2982 

3067 

3153 

8241 

8331 

8422 

8515 

8610 

8708 

3807 

8909 

26 

»*  S*<!!i  *<W  2983 

3068 

3155 

3242 

8832 

8423 

8517 

8612 

3709 

8809 

son 

27 

**  tS;V  ^V2  2983 

3070 

3156 

3244 

8834 

8425 

8518 

8614 

8711 

3811 

3913 

28 

2986 

3071 

3157 

3245 

8335 

8427 

8520 

8615 

3713 

3812 

3914 

29 

s^>  tsci  i^M 

2^58  3073 

3159 

3247 

8337 

8428 

8521 

3617 

8714 

3814 

3916 

3U 

M  t<i»*  i^>^  2<K^  13074 

3160 

8248 

8338 

8430 

8523 

8618 

3716 

3816 

8918 

31 

><t  r<^,v  i^-^r  ;><Kil!3075 

3162 

3250 

8840 

8481 

8525 

8620 

8717 

3817 

3919 

38 

sV  i*<^  i^t?  2:»t>3  3077 

^                            1 

3163 

3251 

3341 

8488 

8526 

8622 

3719 

3819 

3921 

33 

x^^  i^^<  j^:>  t<Kk3  3078 

3165 

3258 

3343 

8434 

8528 

8623 

8721 

3821 

3923 

34 

vV^  ^<:v  ;vu  j"«gi,N  30^*3166 

3254 

8344 

3486 

8529 

3625 

8722 

3822 

8925 

35 

sV  iN.t^  c^Mfc  fvv^  .V\<r3168 

3256 

3846 

8487 

3531 

3626 

3724 

3824 

3926 

36 

xV  ftvN^  K>^4  ;jsv.<  3t>S3=3l69 

3257 

8347 

8489 

8582  b628 

3726 

3826 

3928 

37 

M  i>vv\  .v\v  iv,N4  <.jj^  51  ji 

3259 

3349 

8440 

8534 

3680 

8727 

3827 

3930 

38 

3172  5260 

3350 

3442 

8586 

8631 

3729 

3829 

3932 

39 

3173  3262 

3352 

3443 

3587 

3633 

3731 

3831 

3933 

40 

*:  *^^   ^^>^  3A\^  3.Vyi  3175  3263 
**  ^-^^  *^:4  .^^W  3*^W  3176  3365 

J-X    ^V,/   .V>A   ^^,>,>^   ^^>4|   JIJ^   j^^ 

**  iVx,^  iv>^  tr.v^  ,^v^^  ^^j^  j^^ 

!^  12*^  ^'^  ^^-^^   ^^^^'^^  >^^^l  ^^<9 

w  <AM  i^v  v.^  .tv.sk\  3i#^  5^71 

3353 

8445 

8589 

3634 

3782 

3832 

3935 

41 

3355 

8447 

3540 

3636 

8734 

3834 

3937 

42 

3356 1 3448 

3542 

8638 

3736 

3836 

3938 

43 

3858 ;  3450 

8548 

3639 

3737 

3838  3940 1 

44 

3359 

8451 

3545 

3641 

3739 

3839 

3942 

45 

3361 

3458 

3547 

8643 

3741 

3841 

3944 

46 

*   •;^;  T  ^  "^  *^^*  ^*^*  M:^4  3^725  3362  "3454 

3548 

3644 

3742 

3843 

3945 

47 

i*  :^\  t;^  ^';:'  !?t!  ^'^^'  3^71.3361 '3456 

3550 

3646 

3744 

3844 

3947 

48 

^   •>>  >  .^\^,  vu  ^tuv  3K<*  .<^:3 
'^^^  is,>  :>,i.  v\^  \\,>t '**^<  ^fc^o»"^ 

3365  3457 

3551 

3647 

3746 

3846 

8949 

49 

3367  3459 

3553 

8649 

3747 

3848  3951 

50 

^*  .v-v    M   '^  '  ^^^  ^^^^^  s^T^  W68  3460 
^^  —    >1  wit  ^^!tJ  ^*^*^  ^^^^'»70  3462 
^^  --*   >    v^^i?  !^^i  ^^^^^  3.^1:3371  3464 
^^;^  *^-^  .   *  H^!  I^^  ^^^^  3^.3373  3465 

\  -'•''    '**i    Wv  4}!?  *^^'  ^^-'^^  '^'^^^  W«8 
^^  « '    .*U  v;;V  J  J   ^i^*  s^^Sr.33?«  3470 

^*  *  -'  -'M  xvi,*  ;;)*  ^^NH^  3^>^  X^r9  3471 

3555 

3651 

3749 

3849  3952 

51 

3556 

3652 

8750 

3851 

3954 

52 

3558 

3654 

3752 

3853 

3956 

53 

3559 

3655 

8754 

3854 

3958 

54 

8561 

3657 

3755 

3856 

3959 

55 

3562 

3659 

3757 

3858 

3961 

56 

3564 

3660 

3759 

3860  3963 

57 

3566 

3662 

3760 

3861 

3964 

58 

3473 

3567 

3664 

3762 

3863 

3966 

59 

*^  1  46* 

47' 

4*'  1 

49*  50^ 

51'   52* 

53'  1  54'  1  ' 
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/ 

55* 

56* 

5y 

68« 

69- 

60O 

61* 

62« 

63» 

64« 

65« 

66« 

67« 

* 

0 

1 

2 
3 
4 
b 
6 
7 
8 
9 

3968 
3970 
3971 
3973 
3975 
3977 
3978 
3980 
3982 
3964 

4074 
4076 
4077 
4079 
4081 
4083 
4085 
4086 
4088 
4090 

4183 
4184 
4186 
4188 
4190 
4192 
4194 
4195 
4197 
4199 

4294 
4296 
4298 
4300 
4302 
4304 
4306 
4308 
4309 
4311 

4409 
4411 
4413 
4415 
4417 
4419 
4421 
4423 
4425 
4427 

4527 
4529 
4531 
4533 
4535 
4537 
4539 
4541 
4543 
4545 

4649 
4651 
4653 
4655 
4657 
4660 
4662 
4664 
4666 
4668 

4775 
4777 
4779 
4781 
4784 
4786 
4788 
4790 
4792 
4794 

4905 
4907 
4909 
4912 
4914 
4916 
4918 
4920 
4923 
4925 

5039 
5042 
5044 
5046 
5049 
5051 
5052 
5055 
5058 
5060 

5179 
5181 
5184 
5186 
5188 
5191 
5193 
5195 
5198 
5200 

6324 
5326 
5328 
5331 
5333 
5336 
5338 
5341 
5343 
5346 

5474 
5477 
5479 
5482 
5484 
5487 
5489 
5492 
5495 
5497 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

3985 
3987 
3989 
3991 
3992 
3994 
3996 
3998 
3999 
4001 

4092 
4094 
4095 
4097 
4099 
4101 
4a03 
4104 
4106 
4108 

4201 

4203 

4205 

4207 

4208 

4210 

4212 

4214 

4216, 

4218' 

4313 
4315 
4317 
4319 
4321 
4323 
4325 
4327 
4328 
4330 

4429 
4431 
4433 
4434 
4436 
4438 
4440 
4442 
4444 
4446 

4547 
4549 
4551 
4553 
4555 
4557 
4559 
4562 
4564 
4566 

4670 
4672 
4674 
4676 
4678 
4680 
4682 
4684 
4687 
4689 

4796 
4798 
4801 
4803 
4805 
4807 
4809 
4811 
4814 
4816 

4927 
4929 
4931 
4934 
4936 
4938 
4940 
4943 
4945 
4947 

5062 
5065 
5067 
5069 
5071 
5074 
5076 
5078 
5080 
5082 

5203 
5205 
5207 
5210 
5212 
5214 
5217 
5219 
5222 
5224 

5348 
5351 
5353 
5356 
5358 
5361 
5363 
5366 
5368 
5371 

5500 
5502 
5505 
5507 
5510 
5513 
5515 
5518 
5520 
5524 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

4003 
4005 
4006 
4008 
4010 
4012 
4014 
4015 
4017 
4019 

4110 
4112 
4113 
4115 
4117 
4119 
4121 
4122 
4124 
4126 

4220 
4221 
4223 
4225 
4227 
4229 
4231 
4232 
4234 
4236 

4332 
4334 
4336 
4338 
4340 
4342 
4344 
4346 
4347 
4349 

4448 
4450 
4452 
4454 
4456 
4458 
4460 
4462 
4464 
4466 

4568 
4570 
4572 
4574 
4576 
4578 
4580 
4582 
4584 
4586 

4691 
4693 
4695 
4697 
4699 
4701 
4703 
4705 
4707 
4710 

4818 
4820 
4822 
4824 
4826 
4829 
4831 
4833 
4835 
4837 

4949 
4951 
4954 
4956 
4958 
4960 
4963 
4965 
4967 
4969 

5085 
5088 
5090 
5092 
5095 
5097 
5099 
5102 
5104 
5106 

5226 
5229 
5231 
5234 
5236 
5238 
5241 
5243 
5246 
5248 

5373 
5376 
5378 
5380 
5383 
5385 
5388 
5390 
5393 
5395 

5526 
5528 
5531 
5533 
5536 
5539 
5541 
5544 
5546 
5549 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

3a 

31 
3? 

38 
39 

4021 

4022 

t  4024 

(  4026 

i  4028 

*   4029 

(  4031 

4033 

4035 

/4037 

f4038 
4040 
4042 

^2 

*oe5 

^067 

^069 
^070 
1*072 

4128 
4130 
4132 
4133 
4135 
4137 
4139 
4141 
4142 
4144 

4238 
4240 
4242 
.4244 
4246 
4247 
4249 
4251 
4253 
4255 

4351 

4353 

4355 

4357 

4359 

4361 

4363 

4365 

436f 

4369 

4468 
4470 
4472 
4474 
4476 
4478 
4480 
4482 
4484 
4486 

4588 
4590 
4592 
4594 
4596 
4598 
4600 
4602 
4604 
4606 

4712 
4714 
4716 
4718 
4720 
4722 
4724 
4726 
4728 
4731 

4839 
4842 
4844 
4846 
4848 
4850 
4852 
4855 
4857 
4859 

4972 
4974 
4976 
4978 
4981 
4983 
4985 
4987 
4990 
4992 

5108 
5111 
5113 
5115 
5118 
5120 
5122 
5125 
5127 
5129 

5250 
5253 
5255 
5258 
5260 
5263 
5265 
5267 
5270 
5272 

5398 
5401 
5403 
5406 
5408 
5411 
5413 
5416 
5418 
5421 

5552 
5554 
5557 
1559 
5562 
5565 
5567 
5570 
5573 
5575 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

u  . 

*J  4 
48  4 

«  4 

M  < 
it   < 

&s\. 

il 

4146 
4148 
4150 
4152 
4153 
4155 
4157 
4159 
4161 
4162 

4257 
4259 
4260 
4262 
4264 
4266 
4268 
4270 
4272 
4274 

4370 
4372 
4374 
4376 
4378 
4380 
4382 
4384 
4386 
4388 

4488 
4490 
4492 
4494 
4495 
4497 
4499 
4501 
4503 
4505 

4608 
4610 
4612 
4614 
4616 
4618 
4620 
4623 
4625 
4627 

4733 
4735 
4737 
4739 
4741 
4743 
4745 
4747 
4750 
4752 

4861 
4863 
4865 
4868 
4870 
4872 
4874 
4876 
4879 
4881 

4994 
4996 
4999 
5001 
5003 
5005 
5008 
5010 
5012 
5014 

5132 
5134 
5136 
5139 
5141 
5143 
5146 
5148 
5151 
5153 

5275 
5277 
5280 
5282 
5284 
5287 
5289 
5292 
5294 
5^97 

5423 
5426 
5428 
5431 
5433 
5436 
5438 
5441 
5443 
5446 

5578 
5580 
5583 
5586 
5588 
5591 
5594 
5596 
5599 
5602 

40 

41 

42 

43 

44 

45 

40' 

47 

48 

49 

4164 
4166 
4168 
4170 
4172 
4173 
4175 
4177 
4179 
4181 

4275 
4277 
4279 
4281 
4283 
4285 
4287 
4289 
4291 
4292 

4390 
4392 
4394 
4396 
4398 
4399 
4401 
4403 
4405 
4407 

4507 
4509 
4511 
4513 
4515 
4517 
4519 
4521 
4523 
4525 

4629 
4631 
4633 
4635 
4637 
4639 
4641 
4643 
4645 
4647 

4754 
4756 
4758 
4760 
4762 
4764 
4766 
4769 
4771 
4773 

4883 
4885 
4887 
4890 
4892 
4894 
4896 
4898 
4901 
4903 

5017 
5019 
5021 
5023 
5026 
5028 
5030 
5033 
5035 
5037 

5155 
5158 
5160 
5162 
5165 
5167 
5169 
5172 
5174 
5176 

5299 
5301 
5304 
5306 
5309 
5311 
5314 
5316 
5319 
5321 

5448 
5451 
5454 
5456 
5459 
5461 
5464 
5466 
5469 
5471 

5604 
5607 
5610 
5612 
5615 
5617 
5620 
5623 
5625 
5628 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

_ 

l'^5=" 

56* 

57- 

58» 

59* 

60« 

61« 

62» 

63" 

64* 

65- 

66« 

67'»  I  ' 

• 

« 

• 

" 

• 
• 

132                TABLE  «. 

Meridional  Parte. 

/ 

68** 

69** 

70*» 

7r 

72«  1  73** 

74« 

75" 

76"  I  77" 

78" 

79"  80°  1  ' 

0 

5631 

5795 

5966 

6146 

6335 ,  6534 

6746 

6970 

7210 

7467 

7745 

8046 

8375  0 

1 

5633 

5797 

5969 

6149 

6338 

6538 

6749 

6974 

7214 

7472 

7749 

8051 

8381  1 

2 

5636 

5800 

5972 

6152 

6341 

6541 

6753 

6978 

7218 

7476 

7754 

8056 

8387,  2 

3 

5639 

5803 

5975 

6155 

6345  6545 

6757 

6982 

7222 

7481 

7759 

8061 

8393;  3 

4 

5642  5806 

5978 

6158 

6348  6548 

6760 

6986 

7227 

7485 

7764 

8067 

8398  4 

5  5644 

5809 

5981 

6161 

6351  6552 

6764 

6990 

7231 

7490 

7769 

8072 

8404  b 

6  5647 

5811 

5984 

6164 

6354  6555 

6768 

6994 

7235 

7494 

7774 

8077 

8410  6 

7 

5650 

5814 

5986 

6167 

6358 

6558 

6771 

6997 

7239 

7498 

7778 

8083 

8416  7 

8 

5652 

5817 

5989 

6170 

6361 

6562 

6775 

7001 

7243 

7503 

7783 

8088 

8422:  8 

9 
"iT 

5655 

5820 
5823 

5992 

6173 

6364 

6565 

6779 

7005 

7247 

7507 

7788 

8093 

8427!  9 

5658 

5995 

6177 

6367 

6569 

6782 

7009 

7252 

7512 

7793 

8099 

8433  1  10 

n 

5660 

5825 

5998 

6180 

6371 

6572 

6786 

7013 

7256 

7516 

7798 

8104 

8439 ;  11 

12 

5663 

5828 

6001 

6183 

6374 

6576 

6790 

7017 

7260 

7521 

7803 

8109 

8445 '  12 

13 

5666 

5831 

6004 

6186 

6377 

6579 

6793 

7021 

7264 

7525 

7808 

8115 

8451  '  13 

14 

5668 

5834 

6007 

6189 

6380 

6583 

6797 

7025 

7268 

7530 

7813 

8120 

8457 ,  14 

15 

5671 

5837 

6010 

6192 

6384 

6586 

6801 

7029 

7273 

7535 

7817 

8125 

8463 

U 

16 

5674 

5839 

6013 

6195 

6387 

6590 

6804 

7033 

7277 

7539 

7822 

8131 

8469 

16 

17 

5676 

5842 

6016 

6198 

6390 

6593 

6808 

7037 

7281 

7544 

7827 

8136 

8474 

17 

18 

5679 

5845 

6019 

6201 

6394 

6597 

6812 

7041 

7285 

7548 

7832 

8141 

8480 

18 

19 

5682 

5848 

6022 

6205 

6397 

6600 

6815 

7045 

7289 

7553 

7837 

8147 

8486 

19 

20 

5685 

5851 

6025 

6208 

6400 

6603 

6819 

7048 

7294 

7557 

7842 

8152  8492 

20 

21 

5687 

5854 

6028 

6211 

6403 

6607 

6823 

7052 

7298 

7562 

7847 

8158  8498 

21 

22 

5690 

5856 

6031 

62ir 

6407 

6610 

6826 

7056 

7302 

7566 

7852 

8163  8504 

22 

23 

5693 

5859 

6034 

6217 

6410 

6614 

6830 

7060 

7306 

7571 

7857 

8168 

8510 

23 

24 

5695 

5862 

6037 

6220 

6413 

6617 

6834 

7064 

7311 

7676 

7862 

8174 

8516 

24 

23 

5698 

5865 

6040 

6223 

6417 

6621 

6838 

7068 

7315 

7580 

7867 

8179 

8522 

25 

26 

5701 

5868 

6043 

6226 

6420 

6624 

6841 

7072 

7319  7585 

7872 

8185 

8528 

26 

27 

5704 

5871 

6046 

6230 

6423 

6628 

6845 

7076 

7323  7589 

7877 

8190 

6534 

27 

28 

5706 

5874 

6049 

6233 

6427 

6631 

6849 

7080 

7328  7594 

7882 

8196  8540 

28 

29 

5709 

5876 

6052 

6236 

6430 

6635 

6853 

7084 

7332  1  7599 

7887 

8201  8546 

29 

30 

5712 

5879 

6055 

6239 

6433 

6639 

6856 

7088 

7336  7603 

7892 

8207 

8552 

30 

31 

5715 

5882 

6058 

6242 

6437 

6642 

6660 

7092 

7341 

7608 

7897 

8212 

8558 

31 

32 

5717 

5885 

6061 

6245 

6440 

6646 

6864 

7096 

7345 

7612 

7902 

8218 

8565  '  32 

33 

5720 

5888 

6064 

6249 

6443 

6649 

6868 

7100 

7349 

7617 

7907 

8223  8571  ,  33 

34 

5723 

5891 

6067 

6252 

6447 

6653 

6871 

7104 

7353 

7622 

7912 

8229 :  8577 

34 

35 

5725 

5894 

6070 

6255 

6450 

6656 

6875 

7108 

7358 

7626 

7917 

8234 

8583 

35 

36 

5728 

5896 

6073 

6258 

6453 

6660 

6879 

7112 

7362 

7631 

7922 

8240 

8589 

36 

37 

5731 

5899 

6076 

6261 

6457 

6663 

6883 

7116 

7366 

7636 

7927 

8245 

8595 

37 

38 

5734 

5902 

6079 

6264 

6460 

6667 

6886 

7120 

7371 

7640 

7932 

8251  8601 

38 

39 

5736 

5905 

6082 

6268 

6463 

6670  6890 

7124 

7375 

7645 

7937 

8256  8607 

39 

40 

5739 

5908 

6085 

6271 

6467 

6674  6894 

7128 

7379 

7650 

7942 

8262  8614 

40 

41 

5742 

5911 

6088 

6274 

6470 

6677 

6898 

7132 

7384 

7654 

7948 

8267 

8620 

41 

42 

5745 

5914 

6091 

6277 

6473 

6681 

6901 

7136 

7388 

7659 

7953 

8273 

8626 

42 

43 

5747 

5917 

6094 

6280 

6477 

6685 

6905 

7140 

7392 

7664 

7958 

8279 

8632 

43 

44 

5750 

5919 

6097 

6283 

6480 

6688 

6909 

7145 

7397 

7668 

7963 

8284 

8638 

44 

45 

5753 

5922 

6100 

6287 

6483 

6602 

6913 

7149 

7401 

7673 

7968 

8290 

8644 

45 

46 

5756 

5925 

6103 

6290 

6487 

6695 

6917 

7153 

7406 

7678 

7973 

8295 

8651 

46 

47 

5758 

5928 

6106 

6293 

6490 

6699 

6920 

7157 

7410 

7683 

7978 

8301 

8657 

47 

48 

5761 

5931 

6109 

6296 

6494 

6702 

6924 

7161 

7414 

7687 

7983 

8307 

8663 

48 

49 

5764 

5934 

6112 

6299 

6497 

6706 

6928 

7165 

7419 

7692 

7989 

8312 

8669 

49 

50 

5767 

5937 

6115 

6303 

6500 

6710 

6932 

7169 

7423 

7697 

7994 

8318 

8676 

50 

51 

5770 

5940 

6118 

6306 

6504 

6713 

6936 

7173 

7427 

7702 

7999 

8324 

8682 

51 

52 

5772 

5943 

6121 

6309 

6507 

6717 

6940 

7177 

7432 

7706 

8004 

8329 

8688 

52 

M  .Nrr.s'5946 

6124 

6312 

6511 

6720 

6943 

7181 

7436 

7711 

8009 

8335 

8695 

53 

5«  ^rr^^  5<>4^  6i«r 

6315  6514 

6724 

6947 

7185 

7441 

7716 

8014 

8341 

8701 

54 

VN  ^^'^^  .s<vm  -^vio 

6319  6517 

6728 

6951 

7189 

7445 

7721 

8020 

8347 

8707 

55 

^f  Nr5»^  NAN*  fn^  f^^n   6521 '  6731 !  6955 

7194 

7449 

7725 

8025 

8352 

8714 

56 

K     K'-^f^   ^^V  fVtf  ^xo5  ^u   6r35'6959 

7198 

7454 

7730 

8030 

8358 

8720 

57 

58  Nr*«^f>  >'^r<»  f^,/»  M^t  f,.\^jft  f\^5f|  ^^^ 

7202 

7458 

7735 

8035 

8364 

8726 

58 

ISIJ  yrM>    ViY.>  f'x^    f*%«  ^K^^  ^»^^p    ^^I^{r«l6] 

7463 

7740 

8040 

8369 

8733 

59 

'  '1 

6  f 

1 

* 

• 

•  * 

4 

yO' 

rn 

>»*l 

76*" 

77" 

78" 

79" 

80" 

/ 

183 


TABLE   7. 
Mean  Befradiaiiia 


App. 

Ale. 


App. 
Alt. 


0I33    0l5 
5i32  1015 


\ 


0 
0 

0  10 1  31  22 
0  15  30  35 
0  20  29  50 
0  25  29  6 
0  30  28  23 
0  35  27  41 
0  40  27  0 
0  45  I  26  20 


0  50  ,  25  42 
0  55  :  25  5 


1  0 
1  5 
1  10 
1  15 
1  20 
1  25 
1  30 
1  35 


24  29 
23  54 
23  20 
22  47 
22  15 
21  44 
21  15 
20  46 


5 
5 
5 
5 
5 
5 
5 


0 
5 
10 
15 
20 
25 
30 
35 
40 
45 


Bcfr 


9  54 
9  46 
9  38 
9  30 
9  23 
9  15 
9  8 
9  1 
8  54 
8  47 


App. 
AlU 


10  0 
10  10 
10  20 
10  30 
10  40 

10  50 

11  0 
11  10 
11  20 
11  30 


5 
5 
6 
6 
6 
6 
6 
6 
6 
6 


50 

55 

0 

5 

10 
15 


8  41 
8  34 
8  28 
8  21 
8  15 
8  9 


20  8  3 


25 
30 


7 

7 


57 
51 


35 1 7  45 


1  40  20  18 

1  45  19  51 

1  50  19  25 

1  55  19  0 


2 
2 


0 
5 


18  35 
18  ll 


2  10  17  48 

2  15  17  26 

2  20  17    4 

2  25  16  44 


2  30.16  24 
2  35  .  16  4 
2  40  1 15  45 
2  45  I  15  27 
2  50    15    9 

2  55    14  52 

3  0 .  14  36 
3  5 .  14  20 
3  10 ;  14    4 


3  15  1 13  49 


3  20  13  34 
3  25  13  20 
3  30 ' 13  6 
3  35  12  S3 
3  40  12  40 
3  45  12  27 
3  50  12  15 
3  55!l2  s 
O.U  51 
S'U  40 


6 
6 
6 
6 
7 
7 
7 
7 
7 
7 


40 !  7  40 


45 
50 
55 
0 
5 
10 
15 
20 


35 
30 
25 
20 
15 
11 
6 
2 


25   6  57 


7 
7 
7 
7 
7 
7 
8 
8 
8 
8 


30 
35 
40 
45 
50 
55 
0 
5 

10 
15 


6  53 
6  49 
6  45 
6  41 
6  37 
6  33 
6  29 
6  25 
6  22 
6  18 


0,1^29 
15  U  18 
20  U  8 
25'l0  58 

f>  to  48 
35  Ifi  39 

^^^<i  29 

«l  J5  'I 


8  20 

8  25 

8  30 

8  35 

8  40 

8  45 

8  50 

8  55 

9  0 

9  5 

6 
6 
6 
6 
6 
5 
5 
5 
5 
ft 


15 

11 

8 

5 

1 

58 

65 

52 

48 

45 


9  10 

9  15 

9  20 

9  25 

9  30 

9  35 

9  40 

9  45 

9  50 

9  55 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


42 
39 
36 
34 
31 
28 
25 
23 
20 
18 


11  40 

11  50 

12  0 
12  10 
12  20 
12  30 
12  40 

12  50 

13  0 
13  10 


App. 
AIL 


15 
10 
5 
0 
56 
51 
47 
43 
39 
34 


31 

27 

23 

20 

16 

13 

9 

6 

3 

0 


13  20 
13  30 
13  40 

13  50 

14  0 
14  10 
14  20 
14  30 
14  40 
14  50 


15  0 
15  10 
15  20 
15  30 
15  40 

15  50 

16  0 
16  10 
16  20 
16  30 


16  40 

16  50 

17  0 
17  10 
17  20 
17  80 
17  40 

17  50 

18  0 
18  10 


57 
54 
51 
48 
45 
43 
40 
38 
35 
33 


30 
28 
26 
24 
21 
19 
17 
15 
12 
10 


3 
3 
3 
3 
3 


8 
6 
4 
3 
1 


2  59 
2  57 
2  55 
2  54 
2  52 


20 
20 


21 
21 
21 
21 


0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


' 


App. 
Alt. 


2  35 
2  34 
2  32 
2  31 
2  29 
2  28 
2  27 
2  26 
2  25 
2  24 


21 
21 
22 
22 
22 
22 
22 
22 
23 
23 


40.2  23 


50 
0 
10 
20 
30 
40 
50 
0 


2  21 
2  20 
2  19 
2  18 
2  17 
2  16 
2  15 
2  14 


10t2  13 


23  20 
23  30 
23  40 

23  50 

24  4) 
24  10 
24  20 
24  30 
24  40 
24  50 


2  12 

I  2  11 

l2  10 

!2  9 

2  8 

2  7 

2  6 

2  5 

2  4 

2  3 


25  0 
25  10 
25  20 
25  30 
25  40 

25  50 

26  0 
26  10 
26  20 
26  80 


26  40 

26  50 

27  0 
27  15 
27  30 

27  45 

28  0 
28  15 
28  30 
28  45 


18  20 
18  30 
18  40 

18  50 

19  0 
19  10 
19  20 
19  30 
19  40 
19  50 


2  51 

2  49 

2  47 

2  46 

2  44 

2  43 

2  41 

2  40 

2  38 

2  37 

29  0 

29  30 

30  0 

30  30 

31  0 

31  30 

32  0 

32  30 

33  0 
33  30 


2 
2 
2 
1 
1 
1 
1 
1 
1 
1 


2 
1 
0 

5P 
58 

57 

56 

55 

55 

54 


53 
52 
51 
50 
49 
48 
47 
46 
45 
44 


42 
40 
38 


1  37 


35 
33 
31 
30 
28 
26 


34  0 

34  30, 

35  0 

35  30 

36  0 

36  30! 

37  0 

37  30 

38  0 
38  30 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


24 
23 
21 
20 
18 
17 
16 
14 
13 
11 


39  0 

39  30 

40  0 


41 
42 
43 
44 

45 


0 
0 
0 
0 
0 


46  %0 

47  0 


1  10 
1  9 


8 
5 
3 
1 


0  59 
0  57 
0  55 
0  fS 


48 
49 
50 
51 
52 
53 
54 
55 
56 


0 
0 
0 
0 
0 
0 
0 
0 
0 


57  0 


0  51 
0  49 
0  48 
0  46 
0  44 
0  43 
0  41 
0  40 
0  38 
0  37 


58 
59 
60 
61 
62 
63 
64 
65 
66 


0 
0 
0 
0 
0 
0 
0 
0 
0 


67  0 


68  0 

69  0 

70  0 

71  0 

72  0 

73  0 


74 
75 
76 
77 


0 
0 
0 
0 


0  35 
0  34 
0  33 
0  32 
0  30 
0  29 
0  28 
0  26 
0  25 
0  24 


0  23 
0  22 
0  21 
0  19 
0  18 
0  17 
0  16 
0  15 
0  14 
0  13 


78 
79 
80 
81 
82 
83 
84 
86 
88 
90 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0  12 
0  11 
0  10 
0    9 


0 
0 
0 
0 
0 
0 


8 
7 
6 
4 
2 
0 


TABLES 


X 


IHp. 


1 

2 
3 
4 
5 
6 
7 
8 
9 
W. 

11 
12 
13 
14 
15 
16 
17 
18 
19 

21 
22 
23 
24 
26 


0  58 

1  21 
1  40 

1  56 

2  9 
2  21 
2  33 
2  44 

2  53 

3  2 


TABLE    10 

in  Alt. 


3 
3 


10 
19 


3  27 
3  36 
3  42 
3  50 

3  57 

4  4 
4 
4 


11 
17 


30 
35 
40 
45 


4 
4 


23 
30 
4  36 
4  42 

4  52 
5 

15 

5  39 

6  4 
6  27 


5 
ft 


ftO 
60 
70 
80 
90 
100 


6  46 

7  25 

8  1 
834 

9  6 
9  35 


Altit. 


0 
10 
20 
30 
40 
50 
55 

60 
65 
70 
75 
80 
85 
90 


PitfvlL 


9 
9 
8 
8 
7 
6 
5^ 

4 
4 
3 
2 
2 
1 
0 


TABLE  9. 

Dip  at  diflbwt  Distnoet 
from  Uw  ObMurver. 


I 


i 


u 
li 

2 

2i 


3 

4 
5 


6 


Hd^tofdieEfo 
inFDet. 


5  |10|15 


11' 
6 
4 
3 


23' 
12 
8 
6 


|34' 
17 
12 
9 


3 
3 
2 
2 


2 
2 
2 
2 


5 
4 
4 
3 


3 
3 
3 
3 


145' 
23 
15 
12 


7 
6 
5 

4 


4 

4 
4 

4 


20 


25   30 
57' 68^ 


10 
8 
7 
6 


5 
5 
5 

4 


28  1 34 
19,23 
1517^ 

14 


12 
10 
8 
7 


12 

9 

8 


6 
6 
5 
ft 


7 

6 
6 
6 


TABLE  IL 
To  oorrect  the  Mean  Hefraction. 


Hdflit  of  the  TfaemomBtar. 


Alt. 

M'  jrlse- 

uy 

W 

6*" 

Sir 

72° 

SO* 

mh 

mh 

•oh 

S    0 

71 

M 

32 

1      1 

13 'so 

M 

R1 

m 

m 

'/« 

1     1 

12 

M7 

41 

b.-> 

7fi 

1     ) 

10 

»4 

37 

ftO 

)     1 

22 

34 

4» 

A    0 

4fi 

39 

22 

9 

BO 

31 

4I> 

5  SO 

4A 

32,20 

fl 

19 

29 

38 

6    0 

4T 

30:19 

7 

17 

2fi 

SB 

6  SO 

39 

28,17 

7 

lb 

24 

33 

7    0 

3fi 

?.(.    Ifi 

7 

fi 

23 

»] 

7  30 

SI 

2S    Ifi 

J 

22 

29 

8    0 

SH 

23    li 

« 

6   13 

20 

27 

8  30 

SO 

22    U 

B 

fills 

2H 

■fH 

30    13 

5 

5. 11 

24 

10    0 

?n 

18,12 

ft 

22 

11     0 

?^ 

17111 

ft 

«l    9 

?(l 

12    0 

ai 

13 

10 

* 

4|    tt 

ID 

i> 

o-,\ 

"o-l]ig- 

|»!.|«..l 

Height  of  tbe  BaroDietB. 


Ho^t  of  the  BaroDwCo'. 


TASLE  15. 
For  rednoBg  L^ngitade  into  Time,  «Dd  tbe  contrary. 


•     |h.  m. 

» 

h.  m. 

■> 

h.  m. 

' 

h.  m. 

"      Ih.  m. 

" 

b.  m. 

'       Im.  ■.. 

' 

m.  ■. 

' 

m.  1. 

' 

m.  t. 

m.  1. 

' 

n.  1. 

"       lit. 

" 

»,  t. 

" 

1.  t. 

" 

1.  t. 

" 

>.  t. 

.  - 

».  c 

1 

0    4 

31 

2    4 

61 

4    4 

6    4 

121 

10    4 

2 

32 

2    8 

83 

6     8 

10    8 

S 

0  13 

33 

3  12 

63 

4  12 

93 

6  12 

123 

8  12 

153 

10  \2 

4 

0  IK 

34 

2  16 

64 

4  16 

94 

6  16 

124 

8  16 

154 

10  16 

B 

fl  20 

36 

2  30 

65 

4  20 

95 

6  20 

12S 

8  20 

ISS 

10  M 

B 

0  24 

36 

3  24 

66 

4  24 

96 

614 

136 

8  24 

li^G 

10  24 

7 

0  29 

37 

2  28 

67 

4  28 

6  28 

8  28 

10  28 

8 

0  32 

38 

2  32 

68 

fl  32 

138 

158 

10  32 

9 

0  30 

89 

3  36 

69 

10  36 

'",- 

0  40 

40. 

3  40 

70 

4  40 

100 

6-40 

130 

8  40 

160 

10  40 

3  44 

71 

4  44 

101 

6  44 

131 

8  44 

161 

10  44 

12 

0  IS 

42 

2  48 

73 

4  48 

102 

6  48 

133 

8  48 

162 

10  48 

0  52 

43 

2  62 

73 

4  S2 

103 

6  52 

133 

8  92 

163 

10  52 

14 

06B 

44 

2  S6 

■u 

4  66 

104 

6  66 

134 

8  56 

10  56 

U 

1    0 

4S 

S     0 

1«S 

13S 

11     0 

1     4 

46 

3    4 

76 

S    4 

106 

7     4 

17 

1     8 

47 

3    8 

77 

6    8 

107 

7    8 

137 

9    8 

167 

U     B 

la 

48 

78 

6  12 

108 

7  13 

138 

9  12 

ira 

11    12 

19 

1  16 

49 

3  16 

.79 

6  16 

109 

7  16 

139 

9  16 

169 

11   16 

20 

1  Eft 

SO 

3  20 

SO 

6  20 

110 

7  20 

140 

9  20 

IfO 

11  20 

1   24 

61 

81 

III 

141 

9?A 

171 

11  n 

22 

1  28. 

62 

3  28 

82 

6  28 

112 

7  28 

U3 

9  28 

172 

11  28 

23 

1  33 

S3 

3  32 

83 

6  32 

lis 

7«3. 

143 

9  32 

173 

11  32 

24 

I  36 

U 

3  36 

84 

6  36 

114 

7  36 

144 

9  36 

174 

11  36 

as 

1  40 

65 

3  40 

85 

B  40 

116 

7  40 

146 

9  40 

175 

11  m 

-66 

8  44 

86 

S  44 

116 

7  44 

146 

9  44 

il  44 

67 

8  48 

B7 

7  48 

IMS 

as 

S8 

3  63 

88 

6  62 

118 

148 

lk3 

29 

1  66 

S9 

3  66 

89 

6  56 

119 

7  S6 

149 

9  56 

179 

iKa 

30 

2    0 

4    0 

90 

6    0 

120 

8    0 

m 

«    0 

ISO 

TABLE    12.      *  135 

The  Bight  Ascensions  and  Declinations  of  the   Pbincifal  Fixed 

Stars,  adapted  to  January  1,  1846. 


.£3 


a 

7 

a 

a 
a 
a 
a 

/6 

a 
a 


ConsteUations.       Pr.  Names. 


/8 

J 

ft 
a 
a 
a 


a 


Andromeda  •  •  Alpheratx  • .  • 

Pegasos Algenib 

Cassiopeia . . .  Sehedar  .... 
Andromeda . .  Miraeh  ..... 
Ursa  Minor. .  Pole  Star  . . . 
Eridanos ....  Aehemar. . . » 

....  Ariktis 

....  Meniar  ..... 

Algol 


Tanma Aldebarak  . 


Auriga Capelta  ..... 

Orion. ......  Jtigel 

Taunu • 

Onon*  ......  f  MMf  y*MP .  ■  •  • 

Orion 

Orion 

Cotumba 

Orion.  ...*..  Beielffue$e, . . 

Ar;^ Canojmt 

Canis  Major  •  firiut 


i. 


S5 


1 
2*3 

3 

2 
2-3 

1 

3 

2*3 

Var. 

2-3 

1 


Kight 

Ascension, 

in  Time. 


Ann.Var. 


h. 
0 
0 
0 
1 
1 
I 
1 
2 
2 
3 
4 


m.   B. 

0  26 
5    0 

31  48 

1  7 
3  52 

31  58 
58  31 
54  14 
58  10 
13  21 
27     5 


Gemini Cattor 

Canis  Minor  .  Proeyon 

Gemini. .....  Pollux  ..... 

Argo  NaYit 

Azgo  Navis  » 

Argo  Navis • . 

Hydra  ......  Alphard 

Leo Rboulus.  . . . 

Ursa  Major . .  Miroifc  ••.... 
Ursa  Major .  •  Dubhe  ...... 


Denehola .... 

Ursa  Mijor ••• 

Cmx 

Virgo  ..••'••.  Spica 

Ursa  Major . .  Btttietnach .  • . 
Centaur  ••..••.. ••^.m^ . . •  • 
Dracp. .  •  •  • .  .'i .'.'.".  •.....« 

Bootes Arcturut .... 

Bootes Neikar 

Centaor 


1 
1 
2 
2 

2^ 
2/3 

2 

1 

1 

1 


A 


3 
1  2 

2 

2 

2 

2 

2 

1 

2 
1-2 


5 
5 
5 


5  19 
7  8 
IS  34 
16^ 
5  24  8 
5  28  24 
5  34     5 

5  46  50 

6  20  32 
6  38  22 


+ 

+ 
+ 


s. 

3-07 
3-08 
3*34 
3-31 
+  16-50 
+  2-23 
3 
3 
3 
4 


+ 
+ 
+ 
+ 
+ 


•35 
•13 
•85 
•23 


3*43 


Declination. 


/f 


28  14 

14  19 

55  41 

34  48 

88  29 

58  1 

22  43 

3  28 

40  21 

49  18 

16  11 


25  N 
38  N 
31  N 
12  N 
18N 
14  S 
59  N 
56  N 
SON 
28  N 
41  N 


Ann.  Var. 


7  24  46 
7  31  41 

7  35  53 

8  19  21 
10  39    6 

9  12  58 
9  20     1 

10  0  10 
10  52  30 
10  54  11 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


4-41 
2-88 
3-78 
3*21 
3-06 
3-04 
2-17 
3-24 


1 
2 


-33 
•65 


+ 
+ 
+ 
+ 
■f 
+ 
+ 
+ 
+ 
+ 


3-86 
3-14 
3-68 
1-24 
2-36 


45  50 

8  23 

28  28 

6  12 


0 

1 

84 

7 


25 

18 

9 

22 


52   36 
16   30 


7N 

3S 

17N 

21  N 
5S 

18  S 
37  S 

22  N 
49  S 
33  S 


1 
2 
3 
3 
3 


-66 
•95 
•22 
-68 
-81 


2-3 

2 

1. 

1 
2  3 

1 

3 

1 

3 

1 


11  41  12 

11  45  42 

12  18    5 

13  17  5 
13  41  28 

13  53     1 

14  0  14 
14  8  38 
14  56  8 
14  29  12 


2  Libra Zubenetch  .  • . 

Libra Zubenelg .... 

Corona  Borealis  Alphaeca . . 

Serpens 

Scorpio Antarbs  . .  • 

,  Hercules  ....  Rn  Algethi. . 
Ophiuofans. . .  JZw  Alhagtte , 

Draco Rttataban  .  • . . 

Lyra. .......  Vega 

AauiLJi Altair 


PSTO. . . . 

Cygnns.. 
^ephens. 
Aquarius 


JDeneb 

Alderaimin  •  • 


isces  Australia  Foil  ALB  AOT 

Vgasus  •  t .  • .  Seheat 

^XG  ASUS .  •  •  •  Maroab  .... 


3 
2-3 

2 
2*3 

1 
3*4 

2 

2 

1 
1-2 


2 
1 
3 
3 
2 
1 
2 
2 


14  42  22 

15  8  44 
15  28  10 

15  36  41 

16  19  58 

17  -7  38 
17  27  47 
17  53  2 
IS  31  43 
19  43  16^4 


20  13  26 

20  36  11 

21  14  54 
21  57  52 

21  58  80 

22  49  8 
22  56  19 
22  57    6 


+ 
+ 
+ 
+ 
+■ 
+ 
+ 
+ 
+ 
+ 


3-07 
3-19 
8-27 
8-15 
2-35 


32  13 

5  36 

28  23 

59  1 

58  52 

58  37 

7  59 

12  43 

57  12 

62  34 


13  N 
55  N 
34  N 

2S 
34  S 
50  S 
39  S 

3N 
23N 
52  N 


+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


20-06 
20  05 
19-87 
19-36 
19-32 
18-47 
17-45 
14*55 
14-35 
13-36 
7-94 


+ 
+ 


+ 

+ 
+ 


4 
4 
3 
3 
3 
2 
1 
1 
1 
4 


•77 
•61 
•81 
82 
-15 
•78 
•28 
■18 
•78 
-46 


4 
1 
2 
2 

4- 


15 
62 
73 
33 
01 


+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 


3-31 
3  22 
2-53 
2-94 
3-66 
2-73 
2-77 
1-39 
2*01 
2-93 


15  25 

54  33 

62  14 

10  21 

50  5 

59  37 

65  6 
19  59 
41  0 

66  11 


58  N 

3N 

40  S 

218 

IN 

84  S 

47  N 

12  N 

4N 

37  S 


7 

8 


22 
73 


—     8-12 


+ 
+ 
+ 
+ 


11 
18 


4 
8 


15-00 
15-35 
17-36 
19-16 
19-23 


+ 

+ 


+ 
+ 
+ 
+ 
f 


4-81 
2-04 
1-42 
8-06 
8*82 
3*31 
2*88 
2*98 


15  23 

8  48 

27  14 

6  64 

26  5 

14  84 

12  40 

51  30 

88  38 

8  27 


54  S 
39  S 
UN 
50  N 
58 
13  N 
87  N 
34  N 
85  N 
54  N 


19-99 
20-02 
20-00 
18-94 
IS  13 
17-68 
17-38 
18-95 
14-15 
15-14 


+ 
+ 


15-25 
13-65 
12-35 
11-76 
8-51 


+ 
+ 


4 

2 
0 
2 


57 
83 
62 
75 


8-71 


57  13 

44  43 

61  56 

I  8 

47  42 

80  26 

27  14 

14  22 


208 
57  N 
5N 
57  8 
12  8 
12  8 
53N 
40  N 


+ 
+ 


+ 


11*00 
12-62 
15-07 
17-26 
17-29 
19*10 
19-26 
19*80 


lae 


TABLE     13. 
Coiveetkiitt  tat  Qtb  San'a  Apparent  Ahhade. 


N 


tABLE  14. 

m   1 

Correction  fo 

r  the  Observed  Altitude  of  the  Sun's  Lower  Limb.        | 

Height  of  Eye  1 

iboyethe  Sea 

in  Feet. 

1 

OtM. 

Alt. 

c 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

O    / 

»      a 

/  m 

/    0t 

/  u 

t      u 

/    H 

/  tt 

*        H 

/  u 

/  / 

/   «r< 

/  ti 

/  u 

/  ft 

5  a 

3  48 

3  30 

3  6 

2  48 

2  30 

2  18 

2  t 

1  48 

1  36 

1  24 

1  12 

1  0 

0  48 

0  36 

5  20 

4  18 

4  0 

3  36 

3  18 

3  6 

2  48 

2  36 

2  18 

2  6 

1  54 

1  42 

1  30 

1  18 

1  6 

5  40 

4  48 

4  30 

4  6 

3  48 

3  30 

3  18 

3  6 

2  48 

2  36 

2  24 

2  12 

2  0 

1  48 

1  36 

6  0 

ft  tb 

4  54 

4  36 

4  18 

4  0 

^  42 

3  30 

3  18 

3  0 

2  48 

2  36 

2  24 

2  12 

2  .6 

6  20 

&  42 

5  24 

5  0 

4  42 

4  24 

4  6 

3  54 

3  42 

3  18 

3  12 

3  0 

2  48 

2  36 

2  90 

6  40 

6  0 

5  42 

5  18 

5  0 

4  42 

4  30 

4  18 

4  0 

3  48 

3  36 

3  24 

3  12 

3  0 

2  48 

7  0 

6  24 

6  0 

5  42 

5  24 

5  6 

4  48 

4  36 

4  24 

4  6 

3  54 

3  42 

3  30 

3  18 

3  12 

7  20 

6  42 

6  18 

6  0 

5  42 

5  24 

5  6 

4  54 

4  42 

4  24 

4  12 

4  0 

3  48 

3  36 

3  30 

7  40 

6  54 

6  36 

6  12 

5  54 

5  42 

5  24 

5  12 

4  54 

4  42 

4  30 

4  18 

4  6 

3  54 

3  48 

8  0 

f  12 

6  48 

6  30 

6  12 

5  54 

5  42 

5  24 

5  18 

5  b 

4  48 

4  36 

4  24 

4  12 

4  0 

8  20 

7  30 

7  6 

6  42 

6  30 

6  12 

5  54 

5  42 

5  30 

5  12 

5  0 

4  48 

4  36 

4  24 

4  18 

8  40 

7  42 

7  18 

7  0 

6  42 

6  24 

6  6 

5  54 

5  42 

5  30 

5  12 

6  0 

4  48 

4  42 

4  30 

9  0 

7  54 

1  30 

7  12 

6  64 

6  36 

6  24 

6  6 

5  54 

5  42 

5  30 

0  18 

5  6 

4  54 

4  42 

9  20 

8  6 

7  42 

7  24 

7  6 

6  48 

6  36 

6  18 

6  6 

5  54 

5  42 

5  30 

5  18 

5  6 

4  54 

9  40 

8  18 

7  54 

7  36 

7  Ifl 

7  0 

6  42 

6  30 

6  18 

6  6 

6  48 

5  36 

5  24 

5  18 

5  6 

10  0 

6  30 

8  6 

7  48 

7  30 

7  12 

6  54 

6  42 

6  30 

6  12 

6  0 

5  48 

5  36 

5  24 

5  18 

10  SO 

6  42 

8  18 

8  0 

7  42 

7  24 

7  12 

6  54 

6  42 

6  30 

6  18 

6  6 

5  54 

5  42 

5  30 

11  0 

8  54 

8  36 

8  12 

7  54 

7  36 

7  24 

7  12 

6  54 

6  42 

6  30 

6  18 

6  6 

5  54 

5  42 

11  30 

9  6 

8  48 

8  24 

8  6 

7.48 

1  36 

7  24 

7  6 

6  54 

6  42 

6  30 

6  18 

6  6 

5  54 

12  0 

9  18 

9  0 

8  42 

8  18 

8  0 

7  48 

7  36 

7  18 

7  6 

6  54 

6  42 

6  30 

6  18 

6  12 

13  0 

9  36 

9  18 

9  0 

8  42 

8  24 

$  6 

7  54 

7  42 

7  24 

7  12 

7  0 

6  48 

4  36 

6  80 

14  0 

9  54 

9  36 

9  12 

8  54 

8  42 

8  24 

8  12 

7  54 

7  42 

7  30 

7  18 

7  6 

6  54 

6  48 

15  0 

10  It 

9  48 

9  30 

9  12 

8  54 

8  42 

8  24 

8  12 

8  0 

7  48 

7  36 

7  24 

7  12 

7  0 

16  0 

10  24 

10  6 

9  42 

9  24 

9  6 

8  54 

8  42 

8  24 

8  12 

8  0 

7  48 

7  36 

7  24 

7  12 

17  0 

10  36 

10  18 

9  54 

9  36 

9  18 

9  6 

8  54 

8  36 

8  18 

8  12 

8  0 

7  48 

7  36 

7  24 

18  0 

10  48 

10  24 

10  6 

9  48 

9  30 

9  18 

9  0 

8  48 

8  36 

8  24 

8  12 

8  0 

7  48 

7  36 

19  0 

11  0 

10  36 

10  18 

10  0 

9  42 

9  24 

9  12 

9  0 

8  48 

8  30 

8  18 

8  6 

8  0 

7  48 

20  0 

11  610  42 

10  24 

10  6 

9  48 

9  36 

9  18 

9  6 

8  54 

8  42 

8  30 

8  12 

8  6 

7  54 

21  0 

11  1210  54 

10  30 

10  12 

10  0 

9  42 

9  30 

9  12 

9  0 

8  48 

8  36 

8  24 

8  12 

8  6 

32  0 

11  24111  0 

10  42 

10  24 

10  6 

9  48 

9  36 

9  24 

9  6 

8  54 

8  42 

8  30 

8  18 

8  12 

23  0 

11  3011  6 

10  48 

10  30 

10  12 

9  54 

9  42 

9  30 

9  12 

9  0 

8  48 

8  36 

8  24 

d  18 

24  0 

11  36 

11  12 

10  54 

10  36 

10  18 

10  0 

9  48 

9  36 

9  18 

0  6 

8  54 

8  42 

8  30 

8  24 

25  0 

U  42 

11  18 

11  0 

10  42 

10  24 

10  6 

0  54 

9  42 

9  24 

9  12 

9  0 

8  48 

8  36 

8  30 

26  0 

11  42 

11  24 

11  0 

10  42 

10  30 

10  12 

10  0 

9  42 

9  30 

9  18 

9  6 

8  54 

8  42 

8  36 

27  0 

11  48 

11  30 

11  6 

10  48 

10  30 

10  18 

10  6 

9  48 

9  36 

9  24 

9  12 

9  0 

8  48 

8  36 

28  0 

11  54 

11  36 

11  12 

10  54 

10  36 

10  24 

10  12 

9  54 

9  42 

9  30 

9  18 

9  6 

8  54 

8  42 

30  0 

12  0 

11  42 

U  l8 

11  0 

10  48 

10  30 

10  18 

10  0 

9  48 

9  36 

9  24 

9  12 

9  0 

8  54 

32  0 

12  12 

11  48 

11  30 

ll  12 

10  54 

10  36 

10  24 

10  12 

9  54 

9  42 

9  30 

9  18 

9  6 

9  0 

34  0 

12  18 

U  54 

11  36 

11  18 

11  0 

10  42 

10  30 

10  18 

10  6 

9  54 

9  36 

9  24 

9  12 

9  6 

36  0 

12  24 

12  O;  11  42 

11  24 

11  6 

10  48 

10  36 

10  24 

10  12 

9  54 

9  42 

9  30 

9  18 

9  12 

38  0 

12  30 

18  6  11  48 

11  30 

11  12 

10  54 

10  42 

10  80 

10  12 

10  0 

9  48 

9  36 

9  24 

9  18 

40  0 

12  30 

12  12  11  48 

11  30 

11  18 

11  0 

10  48 

10  30 

10  18 

10  6 

9  54 

9  42 

9  30 

9  24 

42  0 

12  36 

12  12  11  54 

11  36 

11  18 

11  6 

10  48 

10  36 

10  24 

10  12 

10  0 

9  48 

9  36 

9  24 

44  0 

12  42 

12  18  12  0 

11  42 

11  24 

11  6 

10  54 

10  42 

10  30 

10  12 

10  6 

9  48 

9  42 

9  30 

46  0 

12  42 

12  24  12  0 

11  42 

11  30 

11  12 

11  0 

ID  42 

10  30 

10  18 

10  12 

9  54 

9  42 

9  36 

48  0 

12  48 

12  24  12  6 

11  48 

11  30 

11  18 

11  D 

10  48 

10  36 

10  24 

10  12 

10  0 

9  48 

9  36 

50  0 

12  48 

12  30, 12  12 

11  54 

11  36 

11  18 

11  6 

10  54 

10  36 

10  24 

10  18 

10  0 

9  48 

9  42 

52  0 

12  54 

12  30, 12  12 

11  54 

11  36 

11  24 

11  6 

10  54 

10  42 

10  30 

10  18 

10  6 

9  54 

9  42 

54  0 

13  0 

12  36  12  18 

12  0 

11  42 

11  24 

11  12 

11  0 

10  42 

10  30 

10  18 

10  6 

9  54 

9  48 

58  0 

13  0 

12  42  12  18 

12  0 

11  42 

11  ^0 

11  18 

11  0 

10  48 

10  36 

10  24 

10  12 

10  0 

9  54 

62  0 

13  6 

12  48, 12  24 

12  6 

11  48 

11  36 

11  24 

11  6 

10  54 

10  42 

10  30 

10  18 

10  6 

9  54 

66  0 

13  12 

12  48  12  30 

12  12 

11  54 

11  42 

11  24 

11  12 

11  0 

10  48 

10  36 

10  24 

10  12 

10  0 

70  0 

13  18 

12  64: 12  36 

12  18 

12  0 

11  48 

11  30 

11  18 

11  0 

10  48 

10  36 

10  24 

10  12 

10  6 

80  0 

13  24 

13  6, 12  42 

12  24 

12  6 

11  54 

11  42 

11  24 

11  12 

11  0 

10  48 

10  36 

10  24 

10  12 

90  0 

13  36 

13  12  12  54 

12  36 

12  18 

12  0 

11  48 

11  36 

11  18 

11  6 

10  54 

10  42 

10  30 

10  24 

Month 

Jan. 

Peb» 

March. 

April, 

May. 

June. 

July. 

Ai^ 

Sept. 

Oct. 

Not. 

Dec. 

• 

Corr. 

4-18' 

+  12*^ 

+  6'' 

-0^ 

-W'' 

-12" 

-18" 

-12" 

g/» 

+  6" 

+  12" 

+  18" 

- 

[Pc 

►r  Ik 

iBLK 

15,  1 

tee  p. ! 

L34a 

Vl/tf.] 

1 

r 
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Sun's  Declination  for  the  Tears  1844,  1848,  1852,  1856>^  &c 


fr 

Jan.   Feb. 

March. 

April. 

May. 

Jnne. 

July.  A«g.  Sept. 

Oct. 

Not.  Becj 

m 

& 

^ath. 

South. 

So«th. 

North 

North 

North. 

North.'  North.l  North. 

South 

SoQtii.  South' 

_£_ 

u    / 

o   / 

o   / 

0   / 

o   / 

o   / 

u   / 

o   / 

o   / 

O    f 

o  ' 

o   /| 

I 

2S  4 

17  16 

7  25 

4  42 

15  12 

22  7 

23  6 

17  57 

8  10 

3  20 

14  34  21  53  1 

2 

22  59 

16  59 

7  2 

5  5 

15  30 

22  15 

23  2 

17  42 

7  48 

3  43 

14  53  22  2  S 

3 

22  53 

16  41 

6  40 

5  28 

15  47 

22  22 

22  57 

17  26 

7  26 

4  6 

15  12t22  11  3 

4 

22  48 

16  24 

6  16 

5  51 

16  5 

22  29 

22  52 

17  10 

7  4 

4  29 

15  30  22  19  4 

5 

22  41 

16  6 

5  53 

6  13 

16  22 

22  36 

22  47 

16  54 

6  42 

4  53 

15  49  22  26  & 

6 

22  35 

15  48 

5  30 

6  36 

16  39 

22  42 

22  41 

16  38 

6  19 

5  16 

16  1  22  34  6 

7 

22  27 

15  29 

5  7 

6  59 

16  55 

22  48 

22  34 

16  21 

5  57 

5  39 

16  25  22  40  7 

8 

22  20 

15  10 

4  43 

7  21 

17  12 

22  53 

22  28 

16  4 

5  34 

6  2 

16  42 122  47 

8 

9 

22  12 

14  51 

4  20 

7  43 

17  28 

22  59 

22  20 

15  47 

5  12 

6  24 

16  59  !22  53 

9 

10 

22  3 

14  32 

3  56 

8  6 

17  43 

23  3 

22  13 

15  29 

4  49 

6  47 

17  16.22  58 

10 

11 

21  54 

14  13 

3  33 

8  28 

17  59 

23  7 

22  5 

15  11 

4  26 

7  10 

17  33.28  3 

11 

12 

21  45 

13  53 

3  9 

8  50 

18  14 

23  11 

21  57 

14  53 

4  3 

7  33 

17  49  23  8 

12 

13 

21  35 

13  33 

2  46 

9  11 

18  29 

23  15 

21  48 

14  35 

3  40 

7  55 

18  5  23  12 

13 

14 

21  25 

13  13 

2  22 

9  33 

18  43 

23  18 

21  39 

14  17 

3  17 

8  17 

18  21  23  15 

14 

15 

21  14 

12  52 

1  58 

9  54 

18  58 

23  20 

21  30 

13  58 

2  54 

8  40 

18  36  23  16 

15 

16 

21  3 

12  32 

1  35 

10  16 

19  11 

23  23 

21  20 

13  39 

2  31 

9  2. 

18  51  23  21 

16 

17 

20  52 

12  11 

1  11 

10  37 

19  25 

23  24 

21  10 

13  20 

2  7 

9  24 

19  6  23  23 

17 

18 

20  40 

11  50 

0  47 

10  58 

19  38 

23  26 

20  59 

13  0 

1  44 

9  46 

19  20;23  25 

18 

19 

20  28 

11  99 

0  23 

11  19 

19  51 

23  27 

20  48 

12  41 

1  21 

10  7 

19  34  '23  26 

19 

20 

20  15 

11  47 

0  OS 

11  39 

20  4 

23  27 

20  37 

12  21 

0  58 

10  29 

19  48  *23  27 

20 

21 

20  2 

10  46 

0  24N 

11  59 

20  16 

23  28 

20  26 

12  1 

0  34 

10  50. 20  1 ,23  271 

21 

22 

19  49 

10  24 

0  48 

12  20 

20  28 

23  27 

20  14 

11  41 

0  UN 

11  12 

20  14  23  27 

22 

23 

19  35 

10  2 

1  11 

12  40 

20  39 

23  27 

20  2 

11  21 

0  13S. 

11  33 

20  27 

23  27 

25 

24 

19  21 

9  40 

1  35 

12  59 

20  51 

23  25 

19  49 

11  0 

0  36 

11  54 

20  39 

23  26 

24 

25 

19  6 

9  18 

1  58 

13  19 

21  1 

23  24 

19  36 

10  39 

0  59 

12  15 

20  51 

23  24 

25 

26 

18  52 

8  56 

2  22 

18  38 

21  12 

23  22 

19  23 

10  19 

1  23 

12  35 

21  2 

23  22 

26 

27 

18  36 

8  33 

2  46 

18  57 

21  22 

23  20 

19  10 

9  57 

1  46 

12  55 

21  13 

23  20 

27 

28 

18  21 

8  11 

3  9 

14  16 

21  82 

23  17 

18  56 

9  36 

2  10 

13  16 

21  24 

23  17 

28 

29 

18  5 

7  48 

3  32 

14  35 

21  41 

23  14 

18  42 

9  15 

2  33 

13  36 

21  34 

23  13 

29 

30 

17  49 

3  55 

14  53 

21  50 

23  10 

18  27 

8  54 

2  56 

13  55| 21  44 

23  9 

30 

31 

17  32'     |4  19 

21  59| 

18  12|  8  32 

14  15 

1 

b  5 

31 

Sun's  Declination  for  the  Years  1845,  1849,  1853,  1857,  &c- 


1 

23  01 

17  3 

7  31 

4  36  15  7| 

22  5 

23  7 

18  1  8  15 

3  14 

14  29  21  51 

1 

2  22  55 

16  45 

7  8 

4  59 

15  25 

22  13 

23  3 

17  46  7  54 

3  37 

14  48  22  ( 

2 

3 

22  49 

16  28 

6  45 

5  22 

15  43 

22  20 

22  58 

17  30 

7  31 

4  1 

15  7  22  < 

3 

4 

22  43 

16  10 

6  22 

5  45 

16  0 

22  27 

22  53 

17  14 

7  9 

4  24 

15  26  22  17 

4 

5 

22  36 

15  52 

5  59 

6  8 

16  18 

22  34 

22  48 

16  58 

6  47 

4  47 

15  44  22  25 

5 

6 

22  29 

15  33 

5  36 

6  31 

16  35 

22  41 

22  42 

16  42 

6  25 

5  10 

16  2  22  31 

6 

7 

22  22 

15  15 

5  12 

6  53 

16  61 

22  47 

22  36 

16  25 

6  2 

5  33 

16  20  22  39 

7 

8 

22  14 

14  56 

4  49 

7  1617  8 

22  52 

22  29 

16  8 

5  40 

5  56 

16  38  22  45 

8 

9 

22  5 

14  37 

4  26 

7  3817  24 

22  57 

22  22 

15  51 

5  17 

6  19 

16  55  22  51 

9 

10 

21  56 

14  17 

4  2 

8  0,17  39 

23  2 

22  15 

15  33 

4  54 

0  42 

17  12  22  57 

10 

11 

21  47 

13  57 

3  39 

8  2217  55 

23  6 

22  7 

15  16 

4  32 

7  4 

17  29  23  a 

11 

12 

21  37 

13  38 

3  15 

8  4418  10 

23  10 

21  59 

14  58 

4  9 

7  27 

17  45 

23  7 

12 

13 

21  27 

13  17 

2  51 

9  6  18  25 

23  14 

21  50 

14  39 

3  46 

7  50 

18  1 

23  11 

13 

14 

21  17 

12  57 

2  28 

9  2818  40 

23  17 

21  41 

14  21 

3  23 

8  12 

18  17 

23  14 

14 

15 

21  6 

12  37 

2  4 

9  49';18  54 

23  20 

21  32 

14  2 

3  0 

8  34 

18  32 

23  18 

15 

16 

20  54 

12  16 

1  40 

10  1019  8 

23  22 

21  22 

13  44 

2  36 

8  56 

18  48 

23  21 

16 

17 

20  43 

11  55 

1  17 

10  32;19  22 

23  24 

21  12 

13  24 

2  13 

9  18 

19  2 

23  23 

17 

18 

20  30 

11  34 

0  53 

10  53 

19  35 

23  25 

21  2 

13  5 

1  50 

9  40 

19  17 

23  25 

18 

19 

20  18 

11  12 

0  29 

11  13 

19  48 

23  27 

20  51 

12  46 

1  27 

10  2 

19  31 

23  26 

19 

20 

20  5 

10  51 

0  6S 

11  34 

20  1 

23  27 

20  40 1 12  26 

1  3 

10  24 

19  45 

23  27 

20 

21 

19  52 

10  29 

0  18N 

11  54 

20  13 

23  27 

20  29 

12  6 

0  40 

10  45 

19  58 

23  27 

21 

22 

19  38 

10  8 

0  42 

12  15 

20  25 

23  27 

20  17 

11  46 

0  17N 

11  7 

20  11 

23  27 

22 

23 

19  24 

9  46 

1  5 

12  35 

20  37 

23  27 

20  5 

11  26 

0  7S. 

11  28 

20  24 

23  27 

23 

24 

19  10 

9  23 

1  29 

12  55 

20  48 

23  26 

19  52 

11  5 

0  30 

11  49 

20  36 

23  26 

24 

25 

18  55 

9  1 

1  53 

13  14 

20  59 

23  24 

19  39 

10  44 

0  54 

12  9 

20  48 

23  24 

25 

26 

18  40 

8  39 

2  16 

13  34 

21  9! 23  23 

19  26 

10  24 

1  17 

12  30 

20  59 

23  23 

26 

27 

18  25 

8  16 

2  40 

13  53|21  19  23  20 

19  13 

10  3 

1  40 

12  50 

21  11 

23  20 

27 

28 

18  9 

7  54 

3  3 

14  12^21  29J23  18 

18  59 

9  41 

2  4 

13  11 

21  21 

23  17 

28 

29 

17  53 

3  26 

14  30|21  39,  23  15 

18  45 

9  20 

2  27 

13  31 

21  32 

23  14 

29 

30 

17  36 

|3  50 

14  49,21  48.23  11 

18  31 

8  59 

2  51 

13  50 

21  41 

23  10 

30 

31 

17  20 

|4  13 

|21  56 

1 

18  16 

8  37 

14  10 

23  6 

31 
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Sim's  Decimation  for  the  Years  1846,  1850,  1854,  1858,  &c. 

"V 

Jan. 

P«;b. 

March.  ApriL 

May. 

Jnne^ 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

>% 

Q* 

Soath. 

South 

Soiith.'Nonh 

North 

North. 

North. 

North. 

North. 

South 

South. 

South. 

s 

o   t 

O  9 

o   / 

o  t 

o  t 

O    / 

o  / 

o   / 

0   /* 

o   / 

o   / 

O    / 

1 

23  1 

17  7 

7  36 

4  30 

15  3 

22  3 

23  8 

18  4 

8  20 

3  8 

14  25 

21  49 

1 

2 

22  56 

16  50  7  14 

4  54 

15  21 

22  11 

23  4 

17  49 

7  59 

3  32 

14  44 

21  58 

2 

3 

22  50 

16  32  6  51 

5  17 

15  39 

22  18 

23  0 

17  34 

7  37 

3  55 

15  3 

22  7 

3 

4 

22  44 

16  14  6  28 

5  39 

15  56 

22  26 

22  55 

17  18 

7  15 

4  18 

15  21 

22  15 

4 

5 

22  38 

15  56;  6  5 

6  2 

16  13 

22  33 

22  49 

17  2 

6  52 

4  41 

15  40 

22  23 

5 

6 

22  31 

15  38,  5  41 

6  25 

16  30 

22  39 

22  43 

16  46 

6  30 

5  5 

15  58 

22  30 

6 

7 

2d  23 

15  19  5  18 

6  48 

16  47 

22  45 

22  37 

16  29 

6  8 

5  28 

16  16 

22  37 

7 

8 

22  IS 

15  0  4  55 

7  10 

17  4 

22  51 

22  31 

16  12 

5  45 

5  51 

16  34 

22  44 

8 

9 

22  7 

14  41  4  31 

7  32 

17  20 

22  56 

22  24 

15  55 

5  23 

6  13 

16  51 

22  50 

9 

10 

21  58 

14  22  4  8 

7  55 

17  36 

23  1 

22  16 

15  38 

5  0 

6  36 

17  8 

22  55 

10 

n 

21  48 

14  2  3  44 

8  17 

17  51 

23  5 

22  9 

15  20 

4  37 

6  59 

17  25 

23  1 

11 

12 

21  40 

13  43  3  21 

8  39 

18  6 

23  9 

22  1 

15  2 

4  14 

7  22 

17  41 

23  5 

12 

13 

21  30 

13  82,  2  57 

9  1 

18  21 

23  13 

21  52 

14  44 

3  51 

7  44 

17  57 

23  10 

13 

14 

21  19 

13  2  2  34 

9  22 

18  36 

23  16 

21  43 

14  25 

3  28 

8  7|  18  13 

23  14 

14 

15 

21  8 

12  42  2  10 

9  44 

18  50 

23  19  21  34 

14  7 

3  »6 

8  29  18  29 

23  17 

15 

16 

20  57 

12  21  1  46 

10  5 

19  5 

23  22  21  25 

13  48 

2  42 

8  51 

18  44 

23  20 

16 

17 

20  46 

12  0  1  23 

10  26 

19  18 

23  24 

21  15 

13  29 

2  19 

9  13 

18  59 

23  22 

17 

18 

20  34 

11  39  0  59 

10  47 

19  32 

23  25 

21  4 

13  10 

1  55 

9  35 

19  13 

23  24 

18 

19 

20  91 

11  18  0  35  11  8 

19  45 

23  26 

20  54 

12  50 

1  32 

9  57 

19  28 

23  26 

19 

20 

20  8  10  56  0  U.Sll  29 

19  57 

23  27 

20  43 

12  31 

1  9 

10  19 

19  41 

23  27 

20 

21 

19  5S:10  35  0  12N  11  49 

20  10 

23  27 

20  31 

12  11 

0  45 

10  40 

19  55 

23  27 

21 

22 

19  42  10  13  0  36  jl2  10 

20  22 

23  27 

20  20 

11  51 

0  22 

11  1 

20  8 

23  27 

22 

23 

19  28 

9  51  1  0  112  30 

20  34 

23  27 

20  8 

11  30 

0  IN 

11  23 

20  21 

23  27 

23 

24 

19  13 

9  89, 1  23 

12  50 

20  45 

23  26 

19  55 

11  10 

0  25S 

11  44 

20  33 

23  26 

24 

25 

18  58 

9  7 

1  47 

13  9 

20  56 

23  25 

19  42 

10  49 

0  48 

18  4 

20  45 

23  25 

25 

26 

18  44 

8  44 

2  10 

13  29 

21  7 

23  23 

19  29 

10  29 

1  12 

12  25 

20  57 

23  23 

26 

27 

18  28 

8  22 

2  34 

13  48 

21  17 

23  21 

19  16 

10  8 

1  35 

12  46 

21  8 

23  21 

27 

28 

18  13 

7  59 

2  57 

14  7 

21  27 

23  18 

19  2 

9  46 

1  58 

13  6 

21  19 

23  18 

28 

29 

17  67 

3  21 

14  26 

21  36 

23  15 

18  48 

9  25 

2  22 

13  26 

21  29 

23  15 

29 

30 

17  40 

3  44 

14  44 

21  46 

23  12 

18  34 

9  4 

2  45 

13  46 

21  39 

23  11 

30 

31 

17  24 

4  7 

21  54 

18  19 

8  42 

14  5 

23  7 

31 

Sun's  Declination  for  the  Years  1847,  1851,  18i 

55,  1859,  &c. 

1 

23  2 

17  11 

7  42 

4  25*14  58 

22  1 

23  9 

18  8 

8  26 

3  3' 14  20 

21  46 

1 

2 

22  57 

16  54 

7  19 

4  48,15  16 

22  9 

23  5 

17  53 

8  4 

3  26, 14  39 

21  56 

2 

3 

22  52 

16  37 

6  56 

5  11,15  34 

22  17 

23  1 

17  38 

7  42 

3  49  14  58 

22  4 

3 

4 

22  46 

16  19 

6  33 

5  34  15  52 

22  24 

22  56 

17  22 

7  20 

4  13.15  17 

22  18 

4 

5 

22  39 

16  1 

6  10 

5  57,16  9 

22  31 

22  51 

17  6 

6  58 

4  36  15  35 

22  21 

5 

6 

22  33 

15  42 

5  47 

6  19.16  26 

22  37 

22  45 

16  50 

6  36 

4  59  15  54 

22  88 

6 

7 

22  25 

15  24 

5  24 

6  42,16  43 

22  44 

22  39 

16  33 

6  13 

5  22*  16  12 

22  35 

7 

8 

22  17 

15  5 

5  1 

7  5 16  59 

22  49 

22  32 

16  16 

5  51 

5  45  16  29 

22  42 

8 

9 

22  9 

14  46 

4  37 

7  2717  16 

22  55 

22  25 

15  59 

5  28 

6  8  16  47 

22  48 

9 

10 

22  1 

14-27 

4  14 

7  49 

17  32 

23  0 

22  Id 

15  42 

5  5 

6  3117  4 

22  54 

10 

U 

21  52 

14  7 

3  50 

8  11 

17  47 

23  4 

22  11 

15  24 

4  43 

6  63, 17  21 

22  59 

11 

12 

21  42 

13  47 

3  27 

8  33 

18  3 

23  8 

22  3 

15  6 

4  20 

7  16' 17  37 

23  4 

12 

13 

21  32 

13  27 

3  3 

8  65 

18  18 

23  12 

21  54 

14  48 

3  57 

7  39  17  53 

23  0 

13 

14 

21  22 

13  7 

2  39 

9  17 

18  33 

23  15 

21  46 

14  30 

3  34 

8  1  18  9  23  IS 

14 

15 

21  11 

12  47 

2  16 

9  39 

18  47 

23  18 

21  36 

14  11 

3  11 

8  24  18  25  1  23  16 

15 

16 

21  0 

12  26 

1  52 

10  019  1 

23  21 

21  27 

13  53 

2  47 

8  46  18  40 1  23  19 

16 

17 

20  48 

12  5 

I  28 

10  2119  15 

23  23 

21  17 

13  34 

2  24 

9  8  18  55  23  22 

17 

18 

20  36 

11  44 

1  5 

10  4219  28 

23  25 

21  7 

13  14 

2  1 

9  30  19  10  23  24 

18 

19 

20  84 

11  23 

0  41 

11  3  19  42 

23  26 

20  56 

12  55 

1  38 

9  52  19  24 

23  25 

19 

20 

20  11 

11  2 

0  17S11  24 

19  54 

23  27 

20  45 

12  35 

1  14 

10  13  19  38 

23  27 

20 

21 

19  58 

10  40 

0  6N11  44;20  7 

23  27 

20  34 

12  15 

0  61 

10  35  19  52 ,  23  27 

21 

22 

19  45 

10  18 

0  80 

12  5 

20  19 

23  27 

20  22 

11  55 

0  28 

10  56  20  5 ' 23  27 

22 

23 

19  81 

9  56 

0  54 

12  25 

20  31 

23  27 

20  10 

11  35 

0  4N 

11  17  20  18  23  27 

23 

24 

19  17 

0  34 

1  17 

12  45 

20  42 

23  26 

19  58 

11  15 

0  19S. 

11  39  20  30  23  26 

24 

25 

19  2 

9  12 

1  41 

13  5 

20  53 

23  25 

19  46 

10  54 

0  48 

11  59  20  42  23  25 

25 

26 

18  47 

8  50 

2  5 

13  24 

21  4 

23  23 

19  33 

10  34 

1  6 

12  80  20  54  23  23 

26 

27 

18  32 

8  27 

2  28 

13  43 

21  14 

23  21 

19  19 

10  13 

1  29 

12  41  21  si  23  21 

27 

28 

18  17 

8  5 

2  52 

14  2 

21  24 

23  19 

19  6 

9  52 

1  53 

13  1  21  16  23  19 

28 

29 

18  1 

3  15 

14  21 

21  34 

28  16 

18  52 

9  30 

2  16 

13  21  21  26  23  16 

29 

30 

17  44 

3  38 

14  40 

21  43 

23  13 

18  38 

9  9  2  39 

13  41  21  37  23  12 

30 

31 

17  88 

4  2 

121.52 

118  23 

8  47 

14  1      23  8 

31 

To  correct  the  Snn'e  DedinatitHi. 
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T;>  cvvTW«  tbc  Son's  DedimtiaB  to  Penods  of  Four  Yean. 


lit 


1  t    7      13  I  19  I  2> 


^5 

I- 


"I' 
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TABLE    19.  141 

Semibiubnal  a^o  Seminoctubnal  Abches. 
For  finding  the  time  of  the  Rising  and  Setting  of  the  Sun^  Moon  or  Stars. 

DECLINATION. 


27 
28 
t9 
30 
31 
32 
33 
34 
35 
36 


6  2 
6  2 
6  2 
6  2 
6  2 


6 
6 
6 
6 
6 


37 
38 
39 
40 
41 
42 
43 
44 
45 
46 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


47 
48 
49 
60 
51 
52 
53 
54 
55 
56 


6 
6 
6 
6 
6 
6 
6 
6 
6 


57 

58 

59 

60 

61 

62 

63 

64 

65 

66 


6 
6 
6 
6 
6 
6  8 
|6  8 
6  8 
6  9 
6  9 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


4 
4 
4 
5 
5 
5 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


6 


8 
8 
8 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


10 
10 
10 
11 
II 
11 
12 


6  12 
13 
6  13 
6  14 
14 
15 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


66 

6|6 
6 
6 


8  6  106  12  6  14;6  16' w  *.y  -. 

9  6  116  13  6  15  6  17  6  19*6  226 

Ai*     «m«     ««<£     !£*£     lOiS    nn,\i>    aa 


7 

8 
8 
8 


86 
96 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


9 

9 

10 


10  6 
106 


11 
11 
12 


126 
12  6 


96 
106 
106 
106 
116 
116 
12  6 


96  U 6  13  6  166  18  6  20  6  22  6  25  6  276  296  326  34  6  37 
-^'126  14  6  166  19  6  216  23  6  266  286  316  33  6  366  38  ^ 
126  UJO  17|6  19  6  22  6  24  6  27  6  296  326  34  6  37  6  40  31 

256  286  316  336  366  396  4l'S2 
26  6  29  6  32  6  34  6  37  6  40  6  43  33 


6 
96 
9 


13  6 
13  6 


6 
6 
6 
6 
6 
6 
6 
6 


14 
14 
1516 


15 
16 
17 
17 

18 


6  196 
19 


17 


i1 


_       . 226 

136  15  6  18  6  20  6  23  6 

13  6  166  18  6  216  24  6  -^^  -.,v  «.v  .^v  -..w  ,vo  «  s» 

14  6  16;6  19|6  22  6  25  6  27  6  306  336  366  396  426  45  34 

«   9ft  A   AI  ft   Ai'a  517  ft  AA'a  ASiii    Alt  mm 


12  6  15  6  18  6  216  24  6 
136  166  19,6  22  6  25  6 

13  6  166  20  6  23  6  266 
136  17  6  206  246  27  6 

14  6  176  216  25  6  28  6 

14  6  186  226  256  29  6 

15  6  19  6  22  6  26  6  30  6 
15  6  196  23*6  27  6  316 
166  206  24:6  286  32  6 
17  6  216  25  6  29^6  33  6 


27 
28 
29 
31 
32 
33 
34 
35 
36 
38 


6  34  6  37,6  40  6  43 


14  6  17  0  20  6  23  6  256  286  316  34*6  37  6  406  486  46  35 
1516  18.6  20;6  23(6  26  6  29  6  32;6  3616  39  6  42  6  45  6  48!  36 

6  47  6  50, 37 
6  48  6  52  38 
6  50  6  54139 
6  52  6  56;  40 
6  546  58  41 


6  22  6  26  6  30 


18  6  22  6  27!6  31 
186  236  286  32 

196  24  6  29 !6  34 .. 

206  256  306  356  406  45 
216  266  316  366  416  47 


21  6  27 6  32 6  38*6  43  6  496  54  7    0  7 


22  6  28  6  33,6  39|6  45  6  50 

23  6  29  6  35,6  40|6  46  6  52 


6  246  306  36'6426  486  54  7     17     77 


6^P  21  ^15,6^6  27 6  29 
24  6  26  6  28  6  30 


35  6  39 

36  6  41 

37  6  42 
6  39  6  44 


6  37,6  4416  50  6  56  7    3  7  10  7  16  7 


6  39  6  45 
406  47 
42!6 

446 
466 
486 
506 
527 
557 


52  6 


6  56  7 
6  587 


17 
19 
20 

6  19  6  206  22 
6  20  6  21 6  23 
6  216  226  24 
6  22  6  24  6  26 
6  236  25  6  27 
6  24  6  266  28 


196  20 
6  206  21 
6  216  23 
6  226  24 
6  24  6  25 
6  25  6  27 
6  266  28 


17 
18 
19 
20 
21 
22 
23 


6  27  6  29  24 
6  296  M  _ 
6  306  32  26 

6  31 6  34  27 
,6  336  35 


28 
29 
30 


6  31 , 

32  6  35*6  38  6  42  6  45 
6  33  6  366  40  6  43  6  47 
6  34  6  386  41*6  45  6  48 
6  356  396  436  466  50^  »,„ 
6  37  6  40,6  44*6  48  6  52  6  56  7 
6  38  6  42  6  46  6  50  6  54  6  58  7 
6  39 6  43:6  4716  526  56 "  "^ 
6  41  6  45  6  49  6  53*6  58 
6  42  6  46*6  516  55  7  0 


6  44  6  48  6  53  6  57,7 


6  45  6  50  6  55*6 
6  47  6  52*6  57|7 
6  49  6  54*6  59  7 
6  50  6  56  7  1 
6  52  6  58  7  3 


23 


67 
9 


I: 


7 


197 
227 


207 
237 


57 
3 
8  98 


8    58  lOJS  28|8  40|  66 


142  TABLB  19. 

Sbmibiubnal  anb  Sbminoctu&nal  Akchbs. 
F(Mr  finding  tbe  Time  of  theBising  and  Setting  of  the  Sun^  Moon  or  Stan. 


DECLINATION. 

Ut.   17« 

18» 

19* 

20* 

210 

22» 

23- 

24* 

25« 

26« 

27- 

28» 

29* 

30-  \Ut 

•    h  m 

h  m 

h  m 

h  m 

h  m 

h.  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

* 

1 

6    1 

6    16    1| 

6    1 

6    2 

6    2 

6    2 

6    2 

6    2 

6    2 

6    2 

6    2 

6    2 

6     2    1 

3 

6    4 

6    4 

6    4 

6    4 

6    5 

6    5 

6    5 

6    5  6    6 

6    6 

6    6   6    6 

6    7,  6    7    3 

5 

6    6 

6    7 

6    76    76    8 

6    8 

6    9 

6    9 

6    9 

6  10 

6  lO'  6  11 

6  11  6  12    5 

7 

6    9 

6    9 

6  10 

6  10 

6  11 

6  11 

6  12 

6  13 

6  13 

6  14 

6  14   6  15 

6  16'  6  16    7 

9 

6  116  12 

6  13 

6  13 

6  14 

6  15 

6  15 

6  16 

6  17 

6  18 

6  19 

6  19 

6  20{  6  21    9 

11 

6  146  14 

6  15 

6  16 

6  17 

6  18 

6  19 

6  20 

6  21 

6  22 

6  23 

6  24 

6  25 

6  26  11 

13 

6  166  17 

6  18 

6  19 

6  20 

6  21 

6  22 

6  24 

6  25 

6  26 

6  27 

6  28 

6  29 

6  31 

13 

14  |6  17|6  19 

6  20 

6  2\ 

6  22 

6  23 

6  24 

6  25 

6  27 

6  28 

6  29 

6  30 

6  32 

6  33 

14 

15  K  19)6  20l6  21 

6  22 

6  24 

6  25 

6  26 

6  27 

6  29 

6  30 

6  31 

6  33 

6  34 

6  36 

15 

16  |6  f0l6  2l!«  23 

6  24 

6  25 

6  27 

6  28 

6  29 

6  31 

6  32 

6  34 

6  35 

6  37 

6  38*  16 

1 

"i;  ^2\^  236  24 

6  26 

6  27 

6  28 

6  30 

6  31 

6  33 

6  34 

6  36 

6  37 

6  39i  6  41*  17 

l«  E  23^  24'6  266  27 

6  29 

6  30 

6  32 

6  33 

6  35 

6  36 

6  38 

6  40 

6  41]  6  43;  18 

19  Z  U^  26«  27!6  29 

6  30 

6  32 

6  34 

6  35 

6  37 

6  39 

6  40 

6  42 

6  44 

6  46  19 

99  K  26*6  276  296  30 

6  32 

6  34 

8  36 

6  37 
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Apparent  Time  of  the  Meridian  Passages  of  the  Principal  Fixed  Stars, 

on  the  first  day  of  the  month. 
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For  reducing  the  'Rme  of  the  Moon's  Passage  over  the  Meridian  of 
Greenwich  to  the  Time  of  her  passage  over  any  other  Meridian. 
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44  58 

45  49 

46  40 

47  31 

48  21 

49  12 

50  3 

20 

17 

19 

20 

22 

24 

30 

43  13 

44  3 

44  54 

45  45 

46  35 

47  26 

48  16 

49  7 

49  58 

30 

25 

27 

28 

30 

32 

40 

43  8 

43  59 

44  49 

45  40 

46  30 

47  21 

48  11 

49  2 

49  52 

40 

33 

35 

37 

38 

40 

50 

43  4 

43  54 

44  45 

45  35 

46  26 

47  16 

48  6 

48  57 

49  47 

50 

42 

44 

46 

47 

49 

33  0 

43  0 

43  50 

44  40 

45  30 

46  21 

47  11 

48  1 

48  52 

49  42 

0 

0 

2 

3 

5 

7 

10 

42  56 

43  45 

44  35 

45  26 

46  16 

47  6 

47  56 

48  46 

49  37 

10 

8 

10 

12 

13 

15 

20 

42  51 

43  40 

44  31 

45  21 

46  11 

47  1 

47  51 

48  41 

49  31 

20 

17 

18 

20 

28 

23 

30 

42  46 

43  36 

44  26 

45  16 

46  6 

46  56 

47  46 

48  36 

49  26 

30 

25 

27 

28 

30 

32 

40 

42  42 

43  31 

44  21 

45  11 

46  1 

46  51 

47  41 

48  31 

49  21 

40 

33 

35 

37 

38 

40 

50 

42  37 

43  26 

44  16 

45  6 

45  56 

46  46 

47  36 

48  26 

49  15 

50 

42 

43 

45 

47 

49 

34  0 

42  32 

43  22 

44  12 

45  1 

45  51 

46  41 

47  30 

48  20 

49  10 

0 

0 

2 

3 

5 

7 

10 

42  27 

43  17 

44  7 

44  56 

45  46 

46  36 

47  25 

48  15 

49  5 

10 

8 

10 

12 

13 

15 

20 

42  22 

43  12 

44  2 

44  51 

45  41 

46  30 

47  20 

48  9 

48  59 

20 

16 

18 

20 

21 

23 

30 

42  18 

43  7 

43  57 

44  46 

45  36 

46  25 

47  15 

48  4 

48  54 

30 

25 

26 

28 

SO 

32 

40 

42  14 

43  3 

43  52 

44  41 

45  31 

46  20 

47  9 

47  59 

48  48 

40 

33 

35 

36 

38 

40 

50 

42  9 

42  58 

43  47 

44  36 

45  25 

46  15 

47  4 

47  53 

48  42 

50 

41 

43 

44 

46 

48 

35  0 

42  4 

42  53 

43  42 

44  31 

45  20 

46  9 

46  59 

47  48 

48  37 

0 

0 

2 

3 

5 

10 

41  59 

42  48 

43  37 

44  26 

45  15 

46  4 

46  53 

47  42 

48  31 

10 

8 

10 

11 

13 

15 

20 

41  55 

42  43 

43  32 

44  21 

45  10 

45  59 

46  48 

47  37 

48  26 

20 

16 

18 

26 

21 

23 

30 

41  50 

42  38 

43  27 

44  16 

45  5 

45  53 

46  42 

47  31 

48  20 

30 

24 

26 

88 

29 

31 

40 

41  45 

42  33 

43  22 

44  10 

44  59 

45  48 

46  37 

47  26 

48  14 

40 

33 

34 

36 

37 

40 

50 

41  40 

42  28 

43  17 

44  5 

44  54 

45  43 

46  31 

47  20 

48  8 

50 

41 

42 

44 

46 

47 

36  0 

41  35 

42  23 

43  11 

44  0 

44  49 

45  37 

46  26 

47  14 

48  3 

0 

0 

2 

3 

5 

7 

10 

41  30 

42  18 

43  6 

43  55 

44  43 

45  32 

46  20 

47  8 

47  57 

10 

8 

10 

11 

13 

15 

20 

41  25 

42  13 

43  1 

43  49 

44  38 

45  26 

46  14 

47  3 

47  51 

20 

16 

18 

19 

21 

23 

30 

41  20 

42  8 

42  56 

43  44 

44  32 

45  21 

46  9 

46  57 

47  45 

30 

24 

26 

27 

29 

31 

40 

41  14 

42  2 

42  51 

43  39 

44  27 

45  15 

46  3 

46  51 

47  39 

40 

32 

34 

35 

37 

39 

50 

41  9 

41  57 

42  45 

43  33 

44  21 

45  9 

45  57 

46  45 

47  33 

50 

40 

42 

43 

45 

47 

37  0 

41  4 

41  52 

42  40 

43  28 

44  16 

45  3 

45  52 

46  40 

47  28 

0 

0 

2 

3 

5 

S 

10 

40  59 

41  47 

42  35 

43  22 

44  10 

44  58 

45  46 

46  34 

47  22 

10 

8 

10 

11 

13 

14 

20 

40  54 

41  42 

42  29 

43  17 

44  5 

44  52 

45  40 

46  28 

47  16 

20 

16 

17 

19 

21 

23 

30 

40  49 

41  36 

42  24 

43  11 

43  59 

44  47 

45  34 

46  22 

47  9 

30 

24 

25 

27 

29 

31 

40 

40  43 

41  31 

42  18 

43  6 

43  53 

44  41 

45  28 

46  16 

47  3 

40 

32 

33 

35 

36 

39 

50 

40  38 

41  26 

42  13 

43  0 

43  48 

44  35 

45  23 

46  10 

46  57 

50 

40 

41 

43  44 

47 

38  0 

40  33 

41  20 

42  8 

42  55 

43  42 

44  29 

45  17 

46  4 

46  51 

0 

0 

2 

3 

516 

10 

40  27 

41  15 

42  2 

42  49 

43  36 

44  24 

45  11 

45  58 

46  45 

10 

8 

9 

11 

12 

!14 
22 

i 

20 

40  22 

41  10 

41  57 

42  44 

43  31 

44  18 

45  5 

45  52 

46  39 

20 

16 

17 

19 

20 

30 

40  17 

41  4 

41  51 

42  38 

43  25 

44  12 

44  59 

45  46 

46  33 

30 

23 

25 

27 

28  30 

40 

40  12 

40  59 

41  45 

42  32 

43  19 

44  6 

44  53 

45  40 

4^  27 

40 

31 

33 

34 

36  38 

50 

40  7 

40  53 

41  40 

42  27 

43  13 

44  0 

44  47 

45  34 

46  20 

50 

39 

41 

42 

44  45 

39  0 

40  2 

40  48 

41  34 

42  21 

43  8 

43  54 

44  41 

45  27 

46  14 

0 

0 

2 

3 

5 

6 

10 

89  56 

40  41 

41  29 

42  15 

43  2 

43  48 

44  35 

45  21 

4(5  8 

10 

8 

9 

11 

12 

14 

20 

39  50 

40  37 

41  23 

42  9 

42  56 

43  42 

44  29 

45  15 

46  1 

20 

15 

17 

19 

20 

22 

30 

39  45 

40  31 

41  17 

42  4 

42  50 

43  36 

44  22 

45  9 

45  55 

30 

23 

25 

26 

28 

29 

40 

39  39 

40  25 

41  12 

41  58 

42  44 

43  30 

44  16 

45  3 

45  49 

40 

31 

32 

34 

36 

37 

50 

39  84 

40  20 

41  6 

41  52 

42  38 

43  24 

44  10 

44  56 

45  42 

50 

39 

40 

42 

43  145 
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App. 

Alt. 

Horizontal  BuaDn 

'of 
Fur. 

Cor.  for  *'  of  Pkr.  add 

53'  1  54'  1  55'    56^ 

57' 

58' 

59* 

60' 

61' 

0'    2" 

4";  6"     8* 

o   « 

/  0 

/   i 

*     ft 

/ 

/  /# 

/  if 

/  ff 

/    M 

/  ff 

ff 

ff   ,  * 

ff 

ff 

ft 

40  0 

39  28 

40  14 

41  0 

41  46 

42  32 

43  18 

44  4 

44  50 

45  36 

0 

0   1 

3 

5 

6 

10 

39  22 

40  8 

40  54 

41  40 

42  26 

43  12 

43  58 

44  44 

45  29 

10 

8   9 

11 

12 

14 

20 

39  17 

40  3 

40  49 

41  34 

42  20 

43  6 

43  51 

44  37 

45  22 

20 

15  17 

18 

20 

21 

30 

39  11 

39  57 

40  43 

41  28 

42  14 

43  0 

43  45 

44  31 

45  16 

30 

23  24 

26 

27 

29 

40 

39  6  39  51 

40  37 

41  22 

42  8 

42  53 

43  39 

44  24 

45  10 

40 

30  32 

33 

35 

36 

50 

39  1 

39  46 

40  31 

41  16 

42  2 

42  47 

43  33 

44  18 

45  3 

50 

38  40 

41 

43 

44 

41  0 

38  55 

39  40 

40  25 

41  10 

41  56 

42  41 

43  26 

44  11 

44  57 

0 

4)   1 

3 

4 

6 

10 

38  49 

39  34 

40  19 

41  4 

41  49 

42  35 

43  20 

44  5 

44  50 

10 

7'  9 

10 

12 

13 

20 

38  44 

39  28 

40  13 

40  58 

41  43 

42  28 

43  13 

43  58 

44  43 

20 

15  16 

18 

19 

21 

30 

38  38 

39  22 

40  7 

40  52 

41  37 

42  22 

43  7 

43  52 

44  37 

30 

22  24 

25 

27 

28 

40 

38  32  39  16  1 40  1 

40  46 

41  31 

42  16 

43  1 

43  45 

44  30 

40 

30  31 

33 

34 

36 

50 

38  26 

39  10  39  55 

40  40 

41  25 

42  9 

42  54 

43  39 

44  23 

50 

37  39 

40 

42 

43 

42  0 

38  20 

39  5 

39  49 

40  34 

41  18 

42  3 

42  47 

43  32 

44  17 

0 

0   1 

3 

4 

6 

10 

38  14 

38  59 

39  43 

40  28 

41  12 

41  57 

42  41 

43  25 

44  10 

10 

7   9 

10 

12 

13 

20 

38  9 

38  53 

39  37 

40  21 

41  6 

41  50 

42  34 

43  19 

44  3 

20 

15  16 

18 

19 

21 

30 

38  3 

38  47 

39  31 

40  15 

40  59 

41  44 

42  28 

43  12 

43  56 

30 

22*  24 

25 

27 

28 

40 

37  57 

38  41 

39  25 

40  9 

40  53 

41  37 

42  21 

43  5 

43  49 

40 

29  31 

32 

34 

35 

50 

37  51 

38  35 

39  19 

40  3 

40  47 

41  31 

42  15 

42  59 

43  43 

50 

37  38 

40 

41  43 

43  0 

37  45 

38  29  39  12 

39  56 

40  40 

41  24 

42  8 

42  52 

43  36 

0 

0   1 

3 

4 

6 

10 

37  39 

38  22  39  6 

39  50 

40  34 

41  18 

42  1 

42  45 

43  29 

10 

7   9 

10 

12 

13 

20 

37  33 

38  16  39  0 

39  44 

40  27 

41  11 

41  55 

42  38 

43  22 

20 

15  16 

17 

19  21 

30 

37  27 

38  10 

38  54 

39  37 

40  21 

41  4 

41  48 

42  31 

43  15 

30 

22  23 

25 

26  28 

40 

37  21 

38  4 

38  47 

39  31 

40  14 

40  58 

41  41 

42  24 

43  8 

40 

29 

30 

32 

33  35 

50 

37  15 

37  58 

38  41 

39  24 

40  8 

40  51 

41  34 

42  18 

43  1 

50 

36 

38 

39 

41 

42 

44  0 

37  8 

37  52 

38  35 

39  18 

40  1 

40  44 

41  28 

42  11 

42  54 

0 

0 

1 

3 

4 

6 

10 

37  2 

37  46 

38  29 

39  12 

39  55 

40  38 

41  21 

42  4 

42  47 

10 

7 

9 

10 

11 

13 

20. 

36  56 

37  39 

38  22 

39  5 

39  48 

40  31 

41  14 

41  57 

42  40 

20 

14 

16 

17 

19 

20 

30 

36  50  1 37  33 

38  16 

38  59 

39  41 

40  24 

41  7 

41  50 

42  33 

30 

21 

23 

21 

26 

27 

40 

36  45  37  27 

38  9 

38  52 

39  35 

40  17 

41  0 

41  43 

42  25 

40 

29  30 

31 

33 

34 

50 

36  39  37  20 

38  3 

38  46 

39  28 

40  11 

40  53 

41  36 

42  18 

50 

36  37 

39 

40 

41 

45  0 

36  32 

37  14 

37  57 

38  39 

39  21 

40  4 

40  46 

41  29 

42  11 

0 

0 

1 

3 

4 

6 

10 

36  25 

37  8 

37  50 

38  32 

39  15 

39  57 

40  39 

41  22 

42  4 

10 

7 

8 

10 

11 

13 

20 

36.19 

37  1 

37  43 

38  26 

39  8 

39  50 

40  32 

41  14 

41  57 

20 

14 

15 

17 

18 

20 

30 

36  13 

36  55 

37  37 

38  19 

39  I 

39  43 

40  25 

41  7 

41  49 

30 

21 

22 

24 

25 

27 

40 

36  6 

36  49 

37  31 

38  12 

38  54 

39  36 

40  18 

41  0 

41  42 

40 

28 

29 

31 

32 

34 

50 

36  0 

36  42 

37  24 

38  6 

38  48 

39  29 

40  11 

40  53 

41  35 

50 

35 

36 

38 

39 

41 

46  0 

35  54 

36  36 

37  17 

37  59 

38  41 

39  22 

40  4 

40  46 

41  27 

0 

0 

1 

3 

4 

6 

10 

35  47 

36  29 

37  11 

37  52 

38  34 

39  15 

39  57 

40  39 

41  20 

10 

7 

8 

10 

11 

12 

20 

35  41 

36  23  37  4 

37  46 

38  27 

39  8 

39  50 

40  31 

41  13 

20 

14 

15 

17 

18 

19 

30 

35  35 

36  16 ! 36  58 

37  39 

38  20 

39  1 

39  43 

40  24 

41  5 

30 

21 

22 

23 

25 

26 

40 

35  28  36  10  36  51 

37  32 

38  13 

38  54 

39  36 

40  17 

40  58 

40 

28 

29 

30  32  1 

33 

50 

35  22  i  36  3  36  44 

37  25 

38  6 

38  47 

39  28 

40  9 

40  50 

50 

35 

36 

37 

39 

40 

47  0 

35  16  35  57 ; 36  38 

37  18 

37  59 

38  40 

39  21 

40  2 

40  43 

0 

0 

1 

3 

4 

5 

10 

35  9  35  50  36  31 

37  12 

37  52 

38  33 

39  14 

39  55 

40  36 

10 

7 

8 

9 

11 

12 

20 

35  3 

35  43  !  36  24 

37  5 

37  45 

38  26 

39  7 

39  47 

40  28 

20 

14 

15 

16 

18 

19 

30 

34  56 

35  37  :  36  17 

36  58 

37  38 

38  19 

38  59 

39  40 

40  20 

30 

20 

22 

23 

24 

26 

40 

34  50  35  30  !  36  10 

36  51 

37  31 

38  12 

38  52 

39  32 

40  13 

40 

27 

28 

30 

31 

32 

50 

34  44  35  23*36  3 

36  44 

37  24 

38  5 

38  45 

39  25 

40  5 

50 

34 

35 

37 

38 

39 

48  0 

34  37  35  17 i 35  57 

36  37 

37  17 

37  57 

38  37 

39  18 

39  58 

0 

0 

1 

3 

4 

5 

10_ 

34  30  35  10 :  35  50 

36  30 

37  10 

37  50 

38  30 

39  10 

39  50 

10 

7 

8 
15 

9 
16 

11  12 

20 

34  24  *  35  3 

35  43 

36  23 

37  3 

37  43 

38  23 

39  3 

39  42 

20 

13 

17 

19 

30 

34  17 

34  56 

35  36 

36  16 

36  56 

37  36 

38  15 

38  55 

39  35 

30 

20 

21 

23 

24 

25 

40 

34  10 

34  50 

35  29 

36  9 

36  49 

37  28 

38  8 

38  47 

39  27 

40 

27 

28 

29 

31 

32 

50 

34  4 

34  43 

35  22 

36  2 

36  41 

37  91 

38  0 

38  40 

39  19 

50 

33 

34 

36 

37 

38 

49  0 

33  57 

34  36 

35  15 

35  55 

36  34 

37  14 

37  53 

38  32 

39  12 

0 

0 

1 

3 

4 

5 

10 

33  50 

34  29 

35  9 

35  48 

36  27 

37  6 

37  45 

38  25 

39  4 

10 

6 

8 

9 

10 

12 

20 

33  43 

34  22 

35  2 

35  41 

36  20 

36  59 

37  38 

38  17 

38  56 

20 

13 

14 

16 

17 

18 

30 

33  36 

34  16 

34  55 

35  34 

36  12 

36  51 

37  30 

38  9 

38  48 

30 

19 

21 

22 

23 

25 

40 

33  29 

34  9 

34  48 

35  26 

36  5 

36  44 

37  23 

38  2 

38  41 

40 

26 

27  U9 

30 

31 

50 

33  23 

34  2 

34  39 

35  19 

35  58 

36  37 

37  15 

37  54 

38  33 

50 

32 

34  35 

36  38 
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altitade. 
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TABLE  24. 
Correction  of  the  Moon's  Apparent  Altitude. 


i 

A  pp. 

Alt.    i   53' 

"s — y 


Horixontal  Parallax. 


50  0 
10 
20 
30 
40 
50 

51  0 
10 
20 
30 


40 
50 

52  0 
10 
20 
SO 

'   40 
50 

53  0 
10 


20 
30 
40 
50 
5i  0 
10 
20 
30 
40 
50 


55  0 
10 
20 
30 
40 

.  50 

56  0 
10 
20 
30 


40 
50 

57  0 
10 
20 
30 
40 
50 

58  0 
10 


20 
30 
40 
50 
59  0 
10 
20 
30 
40 
50 


33  16 
33  9 
33  3 
32  56 
32  49 
32  42 
32  35 
32  28 
32  21 
32  14 


32  7 
32  0 
31  53 
31  46 
31  39 
31  32 
31  25 
31  18 
31  11 
31  3 


30  56 
30  49 
30  42 
30  35 
30  28 
30  21 
30  13 
30  6 
29  59 
29  52 


29  44 
29  36 
29  29 
29  21 
29  14 
29  7 
29  0 
28  53 
28  45 
28  37 


54'    55 


33  55 
33  48 
33  41 
33  34 
33  27 
33  20 
33  13 
33  6 
32  59 
32  52 


32  45 
32  37 
32  30 
32  23 
32  16 
32  9 
32  1 
31  54 
31  47 
31  40 


34  33 
34  26 
34  19 
34  12 
34  5 
33  58 
33  51 
33  43 
33  36 
33  29 


33  22 
33  14 
33  7 
33  0 
32  53 
32  45 
32  38 
32  30 
32  23 
32  16 


56' 


1 — 0 

35  12 
35  5 
34  58 
34  50 
34  43 
34  36 
34  28 
34  21 
34  14 
34  6 


57' 


33  59 
33  52 
33  44 
33  37 
33  29 
33  22 
33  14 
33  7 
32  59 
32  52 


31  32 
31  25 
31  18 
31  10 
31  3 
30  56 
30  48 
30  41 
30  33 
30  26 


32 

8 

32 

1 

31 

53 

31 

46 

31 

38 

31 

31 

31 

23 

31 

16 

31 

8 

31 

1 

32  44 
32  36 
32  29 
32  21 
32  13 
32  6 
31  58 
31  51 
31  43 
31  35 


30  19 
30  11 
30  4 
29  56 
29  48 
29  41 
29  33 
29  26 
29  18 
29  11 


28 
28 
28 
28 
2d 
27 
27 
27 
27 
27 


30 
23 
15 
7 
0 
53 
45 
38 
30 
22 


29  3 
28  55 
28  48 
28  40 
28  32 
28  25 
28  17 
28  9 
28  1 
27  54 


27 
27 
27 
26 
26 
26 
26 
26 
26 
26 


14 
7 
0 
52 
44 
36 
28 
20 


27  46 
27  38 
27  30 
27  22 
27  15 
27  7 
26  59 
C6  51 


13 : 26  43 
5|26  35 


29  36 
29  28 
29  20 
29  12 
29  5 
28  57 
28  49 
28  41 
28  33 
28  25 


30  9 
30  1 
29  53 
29  45 
29  37 
29  29 
29  21 
29  13 
29  5 
28  57 


35  51 
35  43 
35  36 
35  28 
35  21 
35  14 
35  6 
34  59 
34  51 
34  44 


34  36 
34  29 
34  21 
34  13 
34  6 
33  58 
33  51 
33  43 
33  35 
33  28 


33  20 
33  12 
33  4 
32  57 
32  49 
32  41 
32  33 
32  25 
32  18 
32  10 


28  17 
28  9 
28  1 
27  53 
27  45 
27  37 
27  29 
27  21 
27  13 
27  5 


28  49 
28  41 
28  33 
28  24 
28  16 
28  8 
28  0 
27  52 
27  44 
27  35 


58' 


36  29 
36  22 
36  14 
36  7 
35  59 
35  52 
35i44 
35  36 
35  29 
35  21 


35  13 
35  6 
34  58 
34  50 
34  43 
34  35 
34  27 
34  19 
34  11 
34  4 


59'    60* 


37  8 
37  0 
36  52 
36  45 
36  37 
36  29 
36  22 
36  14 
36  6 
35  59 


33  56 
33  48 
33  40 
33  32 
33  24 
33  16 
33  8 
33  0 
32  52 
T2  44 


32  36 
32  28 
32  20 
32  12 
32  4 
31  56 
31  48 
31  39 
31  31 
31  23 


31  15 
31  7 
30  58 
30  50 
30  42 
30  34 
30  25 
30  17 
30  9 
30  0 


29  52 
29  43 
29  35 
29  27 
29  18 
29  10 
29  1 
28  53 
28  44 
28  36 


35  50 
35  42 
35  35 
35  27 
35  19 
35  11 
35  3 
34  55 
34  48 
34  40 


34  32 
34  24 
34  15 
34  7 
33  59 
33  51 
33  43 
33  35 
33  27 
33  19 


33  11 
33  2 
32  54 
32  46 
32  38 
32  29 
32  21 
32  13 
32  4 
31  56 


31  48 
31  39 
31  31 
31  23 


31 
31 


14 
6 


30  57 
30  49 
30  40 
30  32 


37  46 
37  39 
37  31 
37  23 
37  15 
37  7 
36  59 
36  52 
36  44 
36  36 


61' 


''of 
Pkr. 


// 


38  25 
38  17 


38 
38 


9 
1 


36  28 
36  20 
36  12 
36  4 
35  56 
35  48 
35  40 
35  32 
35  24 
35  15 


37  53 
37  45 
37  37 
37  29 
37  21 
37  13 


37  5 
36  57 
36  49 
36  41 
36  33 
36  24 
36  16 


0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


Cor.for'ofP».ii«l 


0*1  2* 


36 
36 


8 
0 


35  51 


35  7 
34  59 
34  51 
34  43 
34  35 
34  26 
34  18 
34  10 
34  2 
33  53 


35  43 
35  35 
35  27 
35  18 
35  10 
35  2 
34  53 
34  45 
34  36 
34  28 


33  45 
33  37 
33  28 
33  20 
33  12 
33  3 
32  55 
32  46 
32  38 
32  29 


34  19 
34  11 
34  2 
33  54 
33  45 
33  37 
33  28 
33  20 
33  11 
33  2 


32  21 
32  12 
32  4 
31  55 
31  47 
31  88 
31  29 
31  21 
31  12 
31  3 


32  54 
32  45 
32  36 
32  28 
32  19 
32  10 
32  1 
31  53 
31  44 
31  35 


31  26 
31  17 
31  9 
31  0 
30  51 
30  42 
30  33 
30  24 
30  15 
30  6 


40 
50 

0 
10 
20 
30 
40 
50 

0 
10 


20 
30 
40 
50 
0 
10 
20 
30 
40 
50 


0 
10 
20 
30 
40 
50 

0 
10 
20 
30 


0 

6 

13 


1 

8 

14 


19,  20 
25    27 


32 

0 

6 

12 

19 


33 
1 
7 

14 

20 


25 

31 

0 

6 

12 

18 

24 

30 

0 

6 


26 

32 

1 

7 

IS 
19 
26 
32 
1 
7 


12 
18 
24 
30 
0 
6 
12 
17 
23 
29 


13 
19 
25 
SI 
1 
7 
13 
19 
24 
30 


i'iG"   8' 


31    4  S 

9  10  n 

15  17  n 

23  24 

29  M 

36 '37 

10  11 

16  17 


22 
28 
34 
2 
9 
15 
21 


22  124 


28 

34 

2 

9 

15 

21 

27 

33 

2 

8 


14 
20 
26 
32 
2 
8 
14 
20 
26 
31 


29 
35 

4 

10 
16 
22 
28 
34 

4 
10 


3(1 
36 

5 
II 
17 
23 
29 
33 

5 
11 


15  1 17 
2l|23 
27    29 


33 
3 
9 
15 
21 
27 
32 


40 
50 

0 
10 
2(1 
30 
40 
50 

0 
10 


0 

6 

11 

17 

23 

28 

0 

6 

11 

17 


1 

7 

12 

18 

24 

29 

I 

7 

12 

18 


22    23 
28    29 


0 

5 

11 

16 

21 

27 

0 

5 


I 

6 

12 

17 

23 

28 

1 

6 


2 

8 

14 

19 

25 

31 

2 

8 

13 

19 


24 

30 

2 

8 

13 

18 

24 

29 

2 

7 


3 

9 
15 
20 
26 
32  "33 

3|  4 

9    10 


35 
5 

10 
16 
22 
28 
34_ 

5 
10 
16 
22 
27 


14 

20 


15 
21 


25  '26 
'32 
4 

10 
15 
20 
26 


31 

3 

9 

14 

19 

25 

30 

3 

8 


20 

10 

11 

30 

16 

17 

40 

21 

22 

50 

26 

27 

0 

0 

I 

10 

5 

6 

20 

10 

11 

30 

15 

16 

40 

20 

21 

50 

25 

26 

13 
18 
23 
28 
2 
7 

12 
17 
22 


14 
19 
24 

29 
3 
8 
13 
18 
23 


27  I  28 


31 

4 

J_ 

15 

19 

25 

3Q 

4 

9 

14 

19 

24 

29 
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CSorrectioii  of  the  Moon's  Apparent  Altitude.            '  | 

,<(                  Horisontal  Pknlkz.                1 

"  oS 

Qw.tor"  otVnr.add     1 

App. 

Alt. 

1 

1 

53' 

54' 

55' 

56*   57' 

58' 

59' 

60*   61'  1 

^ 

2«r   4*r,  g» 

8" 

nr 

GO  0  2S  57 
10  25  49 

'  t*  , 

*     f* 

r   '^  1  '   " 

f  n 

#  n 

#  f* 

/  tf 

"Jr 

isr 

0 

It 

u 

26  27 

26  57 

27  27 .  27  57 

28  27 

28  57 

29  27 

29  57 

0 

0 

1 

2 

3 

4 

26  19 

26  49 

27  19  27  49 

28  19 

28  48 

29  18 

29  48 

10 

5 

6 

7 

8 

9 

20  25  41 

26  11 

26  41 

27  11  27  40 

28  10 

28  40 

29  9 

29  39 

20 

10 

11 

12  13 

14 

30  25  S3 

26  3 

26  33 

27  2  27  32 

28  1 

28  31 

29  0 

29  30 

30 

15 

16 

17,  18 

19 

40  25  26 

25  55 

26  25 

26  54  27  23 

27  53 

28  22 

28  52 

29  21 

40 

20 

21 

22.  23 

24 

30 

125  18 

25  47 

26  16 

26  46  27  15 

27  44 

28  13 

28  43 

29  12 

50 

25 

26 

27  28 

29 

Gl  0 

25  10 

25  39 

26  8 

26  37  27  6 

27  36 

28  5 

28  34 

29  3 

0 

0 

1 

2 

3 

4 

10 

25  2 

25  31 

26  0 

26  29 ,  26  58 

27  27 

27  56 

28  25 

28  54 

10 

5 

6 

7 

8 

9 

20 

24  54 

25  23 

25  52 

26  21  i  26  49 

27  18 

27  47 

28  16 

28  45 

20 

10 

10 

11 

12 

13 

30 

24  47 

25  15 

25  44 

26  12  26  41 

27  10 

27  38 

28  7 

28  35 

30 

14 

15 

16  17 

18 

40  24  39 

25  7 

25  35 

26  4  26  32 

27  1 

27  29 

27  58 

28  26 

40 

19 

20 

21,  22 

23 

50 

24  31 

24  59 

25  27 

25  56  '  26  24 

26  52 

27  21 

27  49 

28  17 

50 

24 

25 

26  27 

28 

62  0 

24  23 

24  51 

25  19 

25  47 

26  15 

26  43 

27  12 

27  40 

28  8 

0 

0 

1 

2 

3 

4 

10 

24  15 

24  43 

25  11 

25  39 

26  6 

26  35 

27  8 

27  31 

27  59 

10 

5 

6 

6 

7 

8 

20 

24  7 

24  35 

25  2 

25  30 

25  58 

26  26 

26  54 

27  22 

27  50 

20 

9 

10 

11 

12 

13 

30 

23  59 

24  26 

24  54 

25  22 

25  50 

26  17 

26  45 

27  13 

27  40 

30 

14 

15 

16 

17 

18 

40 

23  51 

24  18 

24  46 

25  13 

25  41 

26  8 

26  36 

27  4 

27  31 

40 

18 

19 

20 

21 

22 

50 

23  43 

24  10 

24  37 

25  5 

25  32 

26  0 

26  27 

26  54 

27  22 

50 

23 

24 

25 

26 

27 

63  0 

23  35 

24  2 

24  29 

24  56 

25  25 

25  51 

26  18 

26  45 

27  13 

0 

0 

1 

2 

3 

4 

10 

23  27 

23  54 

24  21 

24  48 

25  15 

25  42 

26  9 

26  36 

27  3 

10 

4 

5 

6 

7 

8 

20 

23  18 

23  45 

24  12 

24  39 

25  6 

25  33 

26  0 

26  27 

26  54 

20 

9 

10 

11  12 

12 

30 

23  10 

23  37 

24  4 

24  31 

24  58 

25  24 

25  51 

26  18 

26  45 

30 

13 

14 

15 

16 

17 

40 

23  2 

23  29 

23  56 

24  22 

24  49 

25  15 

25  42 

26  9 

26  35 

40 

18 

19 

20 

21 

21 

50 

22  54 

23  21 

23  47 

24  14 

24  40 

25  7 

25  33 

26  0 

26  26 

50 

22 

23 

24 

25 

26 

fri  0 

22  46 

23  13 

23  39 

24  5 

24  31 

24  58 

25  24 

25  50 

26  17 

0 

0 

1 

2 

3 

3 

10 

22  38 

23  4 

23  30 

23  57 

24  22 

24  49 

25  15 

25  41 

26  7 

10 

4 

5 

6 

7 

8 

20 

22  29 

22  56 

23  22 

23  48 

24  14 

24  40 

25  6 

25  32 

25  58 

20 

9 

9 

10 

11 

12 

30 

22  21 

22  48 

23  14 

23  39 

24  5 

24  81 

24  67 

25  23 

25  48 

30 

13 

14 

i5 

15 

16 

40 

22  13 

22  89 

23  5 

23  31 

23  56 

24  22 

24  48 

25  13 

25  39 

40 

17 

18 

19 

20 

21 

50 

22  5 

22  31 

22  57 

23  22 

23  48 

24  13 

24  39 

25  4 

25  30 

50  !22 

22 

23 
2 

24 

25 

65  0 

21  57 

22  23 

22  48 

23  13  23  39 

24  4 

24  30 

24  55 

25  20 

0 

0 

1 

2 

3 

10 

21  49 

22  14 

22  40 

23  5  23  30 

23  55 

24  20 

»l  46 

25  11 

10 

4 

5 

6 

7 

7 

20 

21  41 

22  6 

22  31 

22  56  !  23  2t 

23  46 

24  11 

24  36 

25  1 

20 

8 

9 

10 

11 

12 

30 

21  33 

21  58 

22  23 

22  47  23  12 

23  37 

24  2 

24  27 

24  52 

30 

12 

13  14 

15 

16 

40 

21  25 

21  49 

22  14 

22  39  23  3 

23  28 

23  53 

24  19 

24  43 

40 

17 

17  |18 

19 

20 

50 

21  17 

21  41 

22  5 

22  30  22  55 

23  19 

23  44 

24  8 

24  33 

50 

21 

22  122 

23 

24 

66  0 

21  9 

21  32 

21  57 

22  21 • 22  46 

23  10 

23  34 

23  59 

24  23 

0 

0 

1 

2 

2 

3 

10 

21  0 

21  24 

21  48 

22  13 

22  37 

23  1 

23  25 

23  50 

24  14 

10 

4 

5 

6 

6 

7 

20 

20  51 

21  16 

21  40 

22  4 

22  28 

22  52 

23  16 

23  40 

24  4 

20 

8 

9 

10 

10 

11 

30 

20  43 

21  7 

21  31 

21  55 

22  19 

22  43 

23  7 

23  31 

23  55 

30 

12 

13 

14 

14 

15 

40 

20  35 

20  59 

21  22 

21  46  j  22  10 

22  34 

22  58 

23  21 

23  45 

40 

16 

17  ,  18 

18 

19 

50 

20  27 

20  50 

21  14 

21  37 

22  1 

22  25 

22  48 

23  12 

23  35 

50 

20 

21 

21 

22 

23 

67  0 

20  19 

20  42 

21  5 

21  29 

21  52 

22  16 

22  39 

23  2 

23  26 

0 

0 

1 

2 

2 

3 

10 

20  10 

20  33 

20  57 

21  20 

21  43 

22  6 

22  30 

22  53 

23  16 

10 

4 

5 

5 

6 

7 

20 

20  1 

20  25 

20  48 

21  11 

21  34 

21  57 

22  20 

22  44 

23  7 

20 

8 

8 

9 

10 

11 

30 

19  53 

20  16 

20  39 

21  2 

21  25 

21  48 

22  11 

22  34 

22  67 

30 

11 

12 

13 

14 

14 

40 

19  45 

20  7 

20  31 

20  53 

21  16 

21  39 

22  2 

22  25 

22  47 

40 

15 

16 

17 

18 

18 

50 

19  37 

19  59 

20  22 

20  45  !  21  7 

21  30 

21  52 

22  15 

22  38 

50 

19 

20 

21 

21 

22 

68  0 

19  28 

19  51 

20  13 

20  36  20  58 

21  21 

21  43 

22  6 

82  28 

0 

0 

1 

2 

2 

8 

10 

19  20 

19  42 

20  4 

20  27  20  49 

21  11 

21  34 

21  56 

22  18 

10 

4 

4 

5 

6 

7 
10 

20 

19  11 

19  34 

19  56 

20  18 

20  40 

21  2 

21  24 

21  47 

22  9 

20 

7 

8 

9 

10 

30 

19  3 

19  25 

19  47 

20  9 

20  31 

20  53 

21  15 

21  87 

21  59 

30 

11 

12 

12 

13 

14 

40 

18  55 

19  16 

19  38 

20  0 

20  22 

20  44 

21  6 

21  87 

21  49 

40 

15 

15 

16 

17 

18 

50 

18  46 

19  8 

19  30 

19  51 

20  13 

20  35 

20  56 

21  18 

21  39 

50 

18 

19 

20 

20 

21 

69  0 

18  38 

18  59 

19  21 

19  42 

20  4 

20  25 

20  47 

21  8 

21  30 

0 

0 

1 

1 

2 

3 

10 

18  29 

18  51 

19  12 

19  33 

19  55 

20  16 

20  87 

20  68 

21  20 

10 

4 

4 

5 

0 

6 

20 

18  20 

18  42 

19  3 

19  24 

19  46 

20  7 

20  28 

20  49 

21  10 

20 

7 

8 

8 

9 

10 

30 

18  12 

18  34 

18  54 

19  15*19  36 

19  57 

20  18 

20  89 

21  0 

30 

11 

11 

12 

13 

13 

40 

18  4 

18  25 

18  46 

19  6  19  27 

19  48 

20  9 

20  30 

20  50 

40 

14 

15 

15 

16 

17 

50 

17  55 

18  16 

IS  36 

18  56  .  19  17 

1 

19  38 

19  59 

20  19 

20  40"  50  1 

18 

18 

19 

20 

20 
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TABLE  24. 
Correction  of  the  Moon'a  Apparent  Altitade. 


App. 
Alt. 

Horizontal  Parallu.                1 1'  ^f |  Cor.  for  '  ofFv.  •U 

53'  1  54' 

55' 

56'  1  57'    58' 

59' 

60' 

61'  Y^^ 

r 

r^ 

V 

8* 

o   / 

1  " 

f  a 

i       a 

?    H 

/  It 

i  tf 

H 

t       m 

-r-^ 

it 

m 

*" 

m 

m 

m 

70  0 

17  47 

18  7 

18  28 

18  48 

19  0 

19  30 

19  50 

20  11 

20  31 

0 

0 

I 

2  3 

10 

17  38 

17  59 

18  19 

18  39 

19  0 

19  20 

19  41 

20  1 

20  21 

10 

3 

4 

A^ 

20 

17  29' 

17  50 

18  10 

18  30 

18  51 

19  11 

19  31 

19  51 

20  11 

20 

7 

7 

9  9 

30 

17  21 

17  41 

18  1 

18  21 

18  41 

19  1 

19  22 

19  42 

20  2 

30 

10 

11 

12  13 

40 

17  13 

17  33 

17  53 

18  12 

18  32 

18  52 

19  12 

19  32 

19  52 

40 

13 

14 

15  16 

50 

17  5 

17  24 

17  44 

18  3 

18  23 

18  43 

19  2 

19  22 

19  42 

50 

17 

17 

19 

19 

71  0 

16  56 

17  15 

17  35 

17  54 

18  14 

18  33 

18  53 

19  12 

19  32 

0 

0 

1 

2 

3 

10 

16  47 

17  6 

17  26 

17  45 

18  5 

18  24 

18  43 

19  3 

19  22 

10 

8 

4 

5 

6 

20 

16  39 

16  58 

17  17 

17  36 

17  55 

18  15 

18  34 

18  53 

19  12 

20 

6 

7 

8 

9 

30 

16  30 1 16  50 

17  8 

17  27 

17  46 

18  5 

18  24 

18  43 

19  2 

30  |10 

10 

11 

12 

40 

16  22  16  40 

16  59 

17  18 

17  37 

17  56 

18  15 

18  33 

18  52 

40 

131  13  1 

15. 

I& 

50 

16  13  16  31 

16  50 

17  9 

17  28 

17  46 

18  5 

18  24 

18  42 

50 

16 

16 

18  U 

72  0 

16  4,16  23 

16  41 

17  0 

17  18 

17  37 

17  55 

18  14 

18  32 

0 

0 

1 

2i2 

10 

15  56 

16  14 

16  32 

16  51 

17  9 

17  27 

17  46 

18  4 

18  23 

10 

3 

4 

5i  ^ 

20 

15  47 

16  5 

16  23 

16  42 

17  0 

17  18 

17  36 

17  54 

18  13 

20 

6 

7 

8  8 

30 

15  38 

15  56 

16  14 

16  32 

16  50 

17  9 

17  26 

17  45 

18  3 

30 

9 

10 

11  11 

40 

15  30 

15  48 

16  5 

16  23 

16  41 

16  59 

17  17 

17  35 

17  53 

40 

12 

13 

•  • 

14  !H 

50 

15  22 

15  39 

15  56 

16  14 

16  32 

16  50 

17  7 

17  25 

17  43 

50 

15 

16 

17 

17 

73  0 

15  13  15  30 

15  47 

16  5 

16  22 

16  40 

16  58 

17  15 

17  33 

0 

0 

1 

2 

2 

10 

15  4  '  15  21 

15  38 

15  56 

16  13 

16  31 

16  48 

17  5 

17  23 

10 

3 

3 

5| 

3 

20 

14  55  15  12 

15  29 

15  47 

16  4 

16  21 

16  38 

16  55 

17  13 

20 

6 

6 

7| 

8 

30 

14  46  15  3 

15  20 

15  37 

15  54 

16  12 

16  29 

16  46 

17  3 

30 

9 

9 

10  11 

40 

14  38 , 14  54 

15  11 

15  28 

15  45 

16  2 

16  19 

16  36 

16  53 

40 

11 

12 

13  14 

50 

14  29  14  46 

15  2 

15  19 

15  36 

15  52 

16  9 

16  26 

16  43 

50 

14 

15 

16  16 

74  0 

14  21 

14  37 

14  53 

15  10 

15  26 

15  43 

15  59 

16  16 

16  33 

0 

0 

1 

2 

2 

10 

14  12 

14  28 

14  44 

15  1 

15  17 

15  33 

15  50 

16  6 

16  22 

IQ 

3 

8 

4 

3 

20 

14  3 

14  19 

14  35 

14  51 

15  8 

15  24 

15  40 

15  56 

16  12 

20 

5 

6 

7  7 

30 

13  54 

U  10 

14  26 

14  42 

14  58 

15  14 

15  30 

15  46 

16  2 

30 

8 

9 

10  10 

40 

13  46 

14  1 

14  17 

14  33 

14  49 

15  5 

15  20 

15  36  15  52 

40 

11 

11 

12  13 

50 

13  37 

13  52 

14  8 

14  24 

14  39 

14  55 

15  11 

15  26 1 15  42 

50 

13 

14 

13 

13 

2 

75  0 

13  28 

13  43 

13  59 

14  14 

14  30 

14  45 

15  1 

15  16 1  15  32 

0 

0 

1 

2 

10 

13  19 

13  34 

13  50 

14  5 

14  20 

14  36 

14  51 

15  7  15  22 

10 

8 

3 

4 

S 

20 

13  10 

13  25 

13  41 

13  56 

14  11 

14  26 

14  41 

14  57  15  12 

20 

5 

6 

7 

7 

80 

13  1 

13  16 

13  32 

13  47 

14  2 

14  17 

14  32 

14  47  15  2 

30 

8 

B 

0  10 

40 

12  52 

13  8 

13  22 

13  37 

13  52 

14  7 

14  22 

14  37  14  52 

40 

10 

11 

12,12 

50 

12  43 

12  59 

13  13 

13  28 

13  43 

13  57 

14  12 

14  27  14  41 

50 

13 

13 

14 

13 

76  0 

12  35 

12  50 

13  4 

13  19 

13  33 

13  48 

14  2 

14  17  14  31 

0 

0 

0 

1 

2 

10 

12  26 

12  41 

12  55 

13  9 

13  24 

13  38 

13  52 

14  7  14  21 

10 

2 

8 

4 

4 

20 

12  17 

12  32 

12  46 

13  0 

13  14 

13  28 

13  43 

13  57  14  11 

20 

5 

5 

6 

6  7 

30 

12  8 

12  23 

12  37 

12  51 

13  5 

13  19 

13  33 

13  47  14  1 

30 

7 

7 

8 

8  9 

40 

11  59 

12  14 

T2  28 

12  41 

12  55 

13  9 

13  23 

13  37  13  51 

40 

9 

10  10 

'\\\\ 

50 

11  51 

12  5 

12  18 

12  32 

12  46 

12  59 

13  13 

13  27 1 13  40 

50 

12 

12 

13 

13.14 

77  0 

11  42 

11  56 

12  9 

12  23 

12  36 

12  50 

13  3 

13  17  13  30 

0 

0 

0 

1  2 

10 

11  33 

11  47 

12  0 

12  13 

12  27 

12  40 

12  53 

13  7 

13  20 

10 

2 

8 

4  4 

20 

11  24 

11  38 

11  51 

12  4 

12  17 

12  30 

12  43 

12  57 

13  10 

20 

4 

5 

5 

6  6 

30 

11  15 

11  29 

11  42 

11  55 

12  8 

12  21 

12  34 

12  47 

13  0 

30 

7 

7 

8  % 

40 

11  6 

11  20 

11  32 

11  45 

11  58 

12  11 

12  24 

12  37 

12  49 

40 

9 

0 

10 

10,10 

50 

10  58 

11  11 

11  23 

11  36 

11  49 

12  1 

12  14 

12  26 

12  39 

50 

11 

11 

12 

12 

13 

78  0 

10  49 

11  2 

11  14 

11  26 

11  39 

11  51 

12  4 

12  16 

12  29   0 

0 

0 

1 

% 

10 

10  40 

10  52 

11  5 

11  17 

11  29 

11  42 

11  54 

12  6 

12  19  10  1  2 

2 

3 

4 

"20 

10  31 

10  43 

10  56 

11  8 

11  20 

11  32 

11  44 

11  56 

12  8 

20 

4 

4 

ft 

6 

30 

10  22 

10  34 

10  46 

10  58 

11  10 

11  22 

11  34 

11  46 

11  58 

30 

6 

6 

7 

8 

40 

10  14 

10  25 

10  37 

10  49 

11  1 

11  12 

11  24 

11  36 

11  48 

40 

8 

8 

9 

10 

50 

10  5 

10  16 

10  28 

10  39 

10  51 

11  3 

U  14 

11  26 

11  38 

50 

10 

10 

11 

11,12 

79  0 

9  56 

10  7 

10  19 

10  30 

10  41 

10  53 

11  4 

11  16 

11  27 

0 

0 

0 

I 

10 

9  47 

9  58 

10  9 

10  21 

10  32 

10  43 

10  54 

11  6 

11  17 

10 

2 

2 

3 

20 

9  38 

9  49 

10  0 

10  11 

10  22 

10  33 

10  44 

10  56 

11  7 

20 

4 

4 

S 

30 

9  29 

9  40 

9  51 

10  2 

10  13 

10  24 

10  35 

U)  46 

10  57 

30 

5 

6 

7 

40 

9  20 

9  31 

9  42 

9  52 

10  3 

10  14 

10  25 

10  35 

10  46 

40 

7 

8 

8 

8 

50 

9  11 

9  22 

9  32 

9  43 

9  53 

10  4 

10  15 

10  25 

10  36 

50 

9 

9 

10  10 

11 

Cor.  for 
altitude 


'  of  r 


nh 


r  2' 


3'  4'    5'   6' 
3"  4*'  5"  O*' 


7'   8'  9' 
7"  8"  8^^ 


} 


TABLE  24. 

153 

Corredaon  of  the  Moon's  Apparent  Altitude. 

App. 
Ait. 

Uorisontal  Panllax. 

"  of  1  ^°''*  '^■' 

"of  Par. 

add 

53' 

54'  1  55' 

56' 

57'   58' 

59' 

60' 

61' 

Par. 

0" 

2" 

4" 

6" 

8** 

C     / 

/  tf 

/  k 

/  »t 

/    M 

/  It 

/  tt 

/     M 

/  tf 

10  251  0 
10  15-  10 

n 

80  0 

9  2 

9  13 

9  23 

9  33 

9  44 

9  54 

10  5 

10  15 

0 

0 

1 

1 

1 

10 

8  53 

9  3 

9  14 

9  24 

9  34 

9  44 

9  55 

10  5 

2 

2 

'2 

3 

3 

20 

8  44 

8  54 

9  4 

9  15 

9  25 

9  35 

9  45 

9  55 

10  5  20 

3 

4 

4 

4 

5 

30 

8  35 

8  45 

8  55 

9  5 

9  15 

9  25 

9  35 

9  45 

9  55  30 

5 

5 

6 

6 

6 

40 

8  26 

8  36 

8  46 

8  56 

9  5 

9  15 

9  25 

9  34 

9  44 

40 

7 

7 

7 

8 

8 

50 

8  17 

8  27 

8  37 

8  46 

8  56 

9  5 

9  15 

9  24 

9  34 

50 

8 

9 

9 

9 

10 

Bl  0 

8  8 

8  18 

8  27 

8  37 

8  46 

8  55 

9  5 

9  14 

9  24 

0 

0 

0 

1 

1 

1 

10 

7  59 

8  9 

8  18 

8  27 

8  36 

8  46 

8  55 

9  4 

9  13 

10 

1 

2 

2 

2 

3 

20 

7  50 

8  0 

8  9 

8  18 

8  27 

8  36 

8  45 

8  54 

9  3 

20 

3 

3 

4 

4 

4 

30 

7  41 

7  50 

7  59 

8  8 

8  17 

8  26 

8  35 

8  44 

8  52  9  30 

4 

5 

5 

5 

6 

40 

7  32 

7  41 

7  50 

7  59 

8  7 

8  16 

8  25 

8  33 

8  42 

40 

6 

6 

7 

7 

7 

50 

7  23 

7  32 

7  41 

7  49 

7  58 

8  6 

8  15 

8  23 

8  32 

50 

7 

8 

8 

8 

9 

82  0 

7  14 

7  23 

7  31 

7  40 

7  48 

7  56 

8  5 

8  13 

8  21 

0 

0 

0 

1 

1 

1 

10 

7  5 

7  14 

7  22 

7  30 

7  38 

7  46 

7  55 

8  3 

8  11 

10 

1 

2 

2 

2 

2 

20 

6  56 

7  5 

7  13 

7  21 

7  29 

7  37 

7  45 

7  53 

8  1 

20 

3 

3 

3 

3 

4 

30 

6  47 

6  55 

7  3 

7  11 

7  19 

7  27 

7  35 

7  42 

7  50 

30 

4 

4 

4 

5 

5 

40 

6  38 

6  46 

6  54 

7  2 

7  9 

7  17 

7  25 

7  32 

7  40 

40 

5 

5 

6 

6 

6 

50 

6  29 

6  37 

6  45 

6  52 

7  0 

7  7 

7  14 

7  22 

7  29 

50 

7 

7 

7 

7 

8 

83  0 

6  20 

6  28 

6  35 

6  42 

6  50 

6  57 

7  4 

7  12 

7  19 

0 

0 

0 

0 

1 

1 

10 

6  11 

6  19  6  26  1 

6  33 

6  40 

6  47 

6  54 

7  2 

7  9 

10 

1 

1 

2 

2 

2 

20 

6  2 

6  9 

6  16 

6  23 

6  30 

6  37 

6  44 

6  51 

6  58 

20 

2 

2 

3 

3 

3 

30 

5  53 

6  0 

6  7 

6  14 

6  21 

6  27 

6  34 

6  41 

6  48 

30 

3 

4 

4 

4 

4 

40 

5  44 

5  51 

5  58 

6  4 

6  11 

6  18 

6  24 

6  31 

6  37 

40 

5 

5 

5 

5 

5 

50 

5  35 

5  42 

5  48 

5  55 

6  1 

6  8 

6  14 

6  21 

6  27 

50 

6 

6 

6 

6 

7 

84  0 

5  26 

5  33 

5  39 

5  45 

5  52 

5  58 

6  4 

6  10 

6  17 

0 

0 

0 

0 

1 

1 

10 

5  17 

5  23 

5  30 

5  36 

5  42 

5  48 

5  54 

6  0 

6  6 

10 

1 

1 

1 

2 

2 

20 

5  8 

5  14 

5  20 

5  26 

5  32 

5  38 

5  44 

5  50 

5  56 

20 

2 

2 

2 

2 

3 

30 

4  59 

5  5 

5  11 

6  17 

5  22 

5  28 

5  34 

5  40 

5  45 

30 

3 

3 

3 

3 

4 

40 

4  50 

4  56 

5  1 

5  7 

5  13 

5  18 

5  24 

5  29 

5  35 

40 

4 

4 

4 

4 

5 

50 

4  41 

4  47 

4  52 

4  57 

5  3 

5  8 

5  14 

6  19 

5  24 

50 

5 

5 

5 

5 

6 

85  0 

4  32 

4  37 

4  43 

4  48 

4  53 

4  58 

5  4 

5  9 

5  14 

0 

0 

0 

0 

0 

1 

10 

4  23 

4  28 

4  33 

4  38 

4  43 

4  48 

4  53 

4  59 

5  4 

10 

1 

1 

1 

1 

1 

20 

4  14 

4  19 

4  24 

4  29 

4  34 

4  38 

4  43 

4  48 

4  53 

20 

2 

2 

2 

2 

2 

30 

4  5 

4  10 

4  14 

4  19 

4  24 

4  29 

4  33 

4  38 

4  43 

30 

2 

2 

3 

3 

3 

/ 

40 

3  56 

4  0 

4  5 

4  10 

4  14 

4  19 

4  23 

4  28 

4  32 

40 

3 

3 

3 

4 

4 

50 

3  47 

3  51 

3  56 

4  0 

4  4 

4  9 

4  13 

4  17 

4  22 

50 

4 

4 

4 

4 

5 

86  0 

3  38 

3  42 

3  46 

3  50 

3  55 

3  59 

4  3 

4  7 

4  11 

0 

0 

0 

0 

0 

0 

10 

3  29 

3  33 

3  37 

3  41 

3  45 

3  49 

3  53 

3  57 

4  1 

10 

1 

1 

1 

1 

1 

20 

3  20 

3  24 

3  27 

3  31 

3  35 

3  39 

3  43 

3  47 

3  50 

20 

1 

1 

1 

2 

2 

30 

3  11 

3  14  3  18 

3  22 

3  25 

3  29 

3  33 

3  36 

3  40 

30 

2 

2 

2 

2 

2 

40 

3  2 

3  5  3  9 

3  12 

3  16 

3  19 

3  23 

3  26 

3  30 

40 

2 

3 

3 

3 

3 

50 

2  53 

2  56 

2  59 

3  2 

3  6 

3  9 

3  12 

3  16 

3  19 

50 

3 

3 

3 

3 

4 

87  0 

2  43 

2  46 

2  50 

2  53 

2  56 

2  59 

3  2 

3  5 

3  9 

0 

0 

0 

0 

0 

0 

10 

2  34 

2  37 

2  40 

2  43 

2  46 

2  49 

2  52 

2  55 

2  58 

10 

0 

1 

1 

1 

1 

20 

2  25 

2  28 

2  31 

2  34 

2  36 

2  39 

2  42 

2  45 

2  48 

20 

1 

1 

1 

1 

1 

30 

2  16 

2  19 

2  21 

2  24 

2  27 

2  29 

2  32 

2  35 

2  37 

30 

1 

1 

1 

2 

2 

40 

2  7 

2  10 

2  12 

2  14 

2  17 

2  19 

2  22 

2  24 

2  27 

40 

2 

2 

2 

2 

2 

50 

1  58 

2  0 

2  3 

2  5 

2  7 

2  9 

2  12 

2  14 

2  16 

50 

2 

2 

2 

2 

3 

88  0 

1  49 

1  51 

1  53 

1  55 

1  57 

1  59 

2  2 

2  4 

2  6 

0 

0 

0 

0 

0 

0 

10 

1  40 

1  42 

1  44 

1  46 

1  48 

1  50 

1  51 

1  53 

1  55 

10 

0 

0 

0 

0 

0 

20 

1  31 

1  33 

1  34 

1  36 

1  38 

1  40 

1  41 

1  43 

1  45  20  1 

1 

1 

1 

1 

1 

30 

1  22 

1  23 

1  25 

1  26 

1  28 

1  30 

1  31 

1  33 

1  34 

80 

I 

1 

I 

1 

1 

40 

1  13 

1  14 

1  15 

1  17 

1  18 

1  20 

1  21 

1  22 

1  24 

40 

1 

1 

1 

i 

1 

50 

1  4 

1  5 

1  6 

1  7 

1  8 

1  10 

I  11 

1  12 

1  13 

50 

1 

1 

1 

1 

2 

89  0 

0  55 

0  56 

0  57 

0  58 

0  59 

1  0 

1  1 

1  2 

1  3 

0 

0 

0 

0 

0 

0 

10 

0  45 

0  46 

0  47 

0  48 

0  49 

0  50 

0  51 

0  52 

0  52 

10 

0 

0 

0 

0 

0 

20 

0  36 

0  37 

0  38 

0  38 

0  39 

0  40 

0  41 

0  41 

0  42 

20 

0 

0 

0 

0 

0 

30 

0  27 

0  28 

0  28 

0  20 

0  29 

0  30 

0  30 

0  31 

0  31 

30 

0 

0 

0 

0 

0 

40 

0  18 

0  18 

0  19 

0  19 

0  20 

0  20 

0  20 

0  21 

0  21 

40 

0 

0 

0 

0 

0 

50 

0  9 

0  9 

0  9 

0  10 

0  10 

0  10 

0  10 

0  10 

0  10 

50 

1 

1 

1 

1 

1 

• 

• 

— 

Cor.  ft 
altit 

)r'  of 
vde. 

{-*] 

i'2  3' 

4'  5' 
"  AT  5' 

6'  V 
"  6"  1" 

8'  9' 

8'  r 

j_ 

i— 

X 

— 

154  TABLE  26. 

To  reduce  the  Sun's  Right  Ascension  to  any  given  Meridum^  and  to  any 
f  Add  in  W.  long.  1       Time  under  that  Meridian. 

\  Sub.  in  E.  long.  J  


{Add  aft.  noon.  1 
Sab.  bef.  nooa.  J 


Long. 


0 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 


33 
36 
3d 
42 
45 
48 
51 
54 
57 
60 


63 
66 
69 
72 
75 
78 
81 

ai 

87 
90* 


93 
96 
99 
102 
105 
108 
111 
114 
117 
120 


123 
126 
129 

132 
135 
138 
Ul 
144. 
147 
150 


Svn's  Riobt  Ascbksion. 


Ob.   I  lb.      2h. 


153 
156 
159 
162 
165 
168 
171 
174 
177 
18a 


0 
2 
4 

6 

7 

9 

U 


// 


// 


0 

0 

0 

0 

0 

0 

0 

U  13 

0  15    - 

0  16  0 

0  18^0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
2 
4 

6 
7 
9 


0 
0 
0 
0 
0 
0 

1110  XI 

13  0  13 
0  15 
0  17 
0  19 


0 
2 

4 
6 
7 
9 


15 
16 
18 


0  20 
0  22 
0.  24 
a  25 
0  27 
0  29 
0  31 
0  33 
0  35 
0  36 


0 
0 
0 
0 
0 
0 
0 
0 
0 

to 


20 
22 
24 
25 
27 
29 
31 
33 
35 
36 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


21 
22 
24 
26 
28 
30 
32 
34 
36 
37 


0  38  0 


0  40 
0  42 
0  44 
0  45 
0  47 
0  49 
0  51 
0  53 
0  54 


38 
40 
42 
44 
46 
47 
49 
51 
53 
55 


0 

•i 

0 

0 

lO 

!o 

0 
iO 


39 
41 
43 
45 
47 
49 
50 
52 
54 
56 


0  56 ,  0  56  <  0  58 


0  58  0  58 
O'l  0 
2 


2  1 
5*1 

7;i 

9  1 
11 


13 


4 

6 
7 
9 
1  11 
1  13 


1 
1 
1 
1 
1 
1 


1  11 
1  13 
1  15 


1411 
16  1 


18 
20 
22 
24 
26 


27  1 
29  i  I 
31  1 


15 
16 
18 
20 
22 
24 
26 
27 
29 
31 


17 
18 
20 


1  22 
1  24 
1  26 
1  28 
1  30 
1  32 
1  33 


33  jl 


34  1 


36 
38 
40 
42 
44 
45 
47 
49 


3 

87 

38 

40 

42 

^i 

46 

4? 


1 
1 
1 
1 
I 
1 

1  49  I  1  52 


1  35 
1  37 
39 
41 
43 
45 
46 
48 
50 


3b. 


0 
0 
0 
0 
0 


0 
2 
4 
6 
8 


0  10 
0  12 
0  14 
0  15 
0  17 
0  19 


0  21 
0  23 
0  25 
27 
29 
31 
33 
35 
37 
39 


41 
43 
45 
46 
48 


0  50 
0  52 


0 
0 
0 


54 
56 
58 


0 
2 
4 

6 

8 

10 


1  12 
1  14 
1  16 
1  17 


1  19 
I  21 
1  23 
1  25 
1  27 
1  29 
I  31 
I  33 
I  35 
1  37 


1  39 
1  41 
1  43 
1  45 
1  46 
1  48 
1  50 
1  52 
1  54 
1  56 


4b.  I  5b.   6h. 


t   It 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0  0 
2  0 


4 

6 

8 
10 
12 
14 
16 


0  18 
0  20 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
2 
4 

6 
8 
10 
12 
14 
16 
18 
21 


22,0 
24  jo 
26,0 
2810 
3010 
32  0 
34  0 
36  0 
38  0 
40  0 


23 
25 
27 
29 
31 
33 
35 
37 
39 
41 


0  42 
0  44 


46 

48 
50 
52 


0 
0 
0 
0 
0 
0 

0  54;o 

0  56  0 

0  5a!  1 

Oil 


43 
45 

47 
49 
51 
54 
56 
58 
0 
2 


2.1 

4  1 
6-1 


8 

10 
12 
14 
16 


18  1 


20 


22 
24 
26 
28 
30 
32 
34 
36 
38 
40 


42 
44 

46 
48 
50 
52 
54 
57 
59 
2  1 


4 

6 

8 
10 
12 
14 
16 
18 
20 
22 


-rnf 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
2 

4 
6 
8 


7h. 


0 
0 
0 
0 
0 


0 
2 

4 
6 
8 


1010  10 


12 
14 
17 
19 


0 
0 
0 
0 


12 
14 
16 

18 


21  1 0  21 


[0 
0 

[0 
0 
0 
0 
0 
0 
0 
0 


23 
25 
27 
29 
31 
33 
35 
37 
39 
42 


0 
0 
0 
0 
0 
0 
0 
0 

1 
1 


44 

46 


0  23 
0  25 
0  27 
0  29 
6  31 
0  33 
0  35 
0  37 
0  39 
0  41 


0  43 
0  45 


48  0  47 


50 
52 
54 
56 


0  49 
0  51 


0 
0 


58  I  0 
2ll 


53 
55 
58 

0. 

2. 


8b. 


/  tt 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


6 
2 
4 

€ 
8 

10 
12 
14 
16 
18 
20 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


22 
24 
26 
28 
30 
32 
34 
36 
33 
40 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


42 
44 

46 
48 
50 
52 
54 
56 
58 
0 


9b. 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

2 

4 

6 

8 

10 

11 

13 

15 


a  17 

0  19 


0 
0 
0 
0 
0 
0 
0 
0 
0 


21 
28 
25 
27 


10b 


/  H 


0 
0 
0 
0 
0 
0 


lib 


0 
2 
4 
6 
7 
9 
0  11 
0  13 
0  15 
0  17 
0  18 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

2 

4 

5 

7 

9 

11 

13 

14 

16 

18 


0 
0 
0 
0 


2010 
2af 


29  0 
31  0 


33 
35 
36 


0  38 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


40 
42 
44 

46 
48 
50 
52 
54 
56 
58 


25 
27 
29 
31 
33 
35 
37 
39 
41 
43 


1 
1 
1 
1 
1 
1 
1 
2 
2 
2 


45 
47 
49 
51 
53 
55 
57 
0 

a 

4 


4 
6 
9 
11 
13 
15 
17 
19 
21 
23 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


4 
6 
8^ 
10 
12 
14 
16 
18 
20 
22 


"25 
27 
29 
31 
34 
36 
38 
40 
42 
44 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


2 
4 

6 
8 
10 
12 
14 
16 
18 
20 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


0 
2 
3 
5 

m 
t 

9 
11 
13 
15 
17 


0 
0 
6 

a 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


24 
26 
28 
30 
32 
33 
35 


3710 


39,0 


20 
22 
23 
25 
27 
29 
31 
32 
34 
36 


fr.N 


h 
0 
0 
O 
O 
0 
I 
1 
1 

\ 
1 
% 


2 
2 
2 
2 
3 
3 
3 
3 
3 
4 


41  0 

42  iO 
44  0 
46  0 
48  0 


50  0 
5»^0 


54 

95 


38 
40 
41 
43 
46 
47 
49 
50 
52 
54 


4 
4 
4 
4 
5 
5 
5 
5 
5 
6 


0 
0 
1 
I 
1 
1 
1 
1 
I 
1 


57,0 
59  0 


1 
3 


5  1 


8 
10 
12 
14 


56 

58 

59 

1 

3 

5 

7 

9 

10 

12 


6 

6 
€ 
€ 
7 
7 
7 
7 
7 
8 


46 
48 
50 
52 
54 
56 
59 

i: 

3 


1 
1 
1 
1 
1 
1 
1 
1 
1 
I 


24 
26 
28 
30 
32 
35 
37 
39 
41 
43 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


22,1 


24 
26 
28 
30 
32 
34 
36 
38 
40 


1 
1 

1: 
1 
1 
1 
1 
1 
1 


19 

21 
23 
25 
26 
28 
30 
32 
34 
36 


1 
1 
1 
1 
1 
1 
1 
1 
2 


5/2 


45 

1  42 

47 

1  44 

49 

1  46 

51 

1  48 

53 

1  50 

55 

1  52 

57 

1  54 

59 

1  56 

1 

1  58 

3 

2  0 

38 
40 
42 
44 
46 
48 
49 
51 
53 
551 


16 
18 
1» 
21 
23 
25 
27 
29 
31 
32 


14 

16 

18 

19 

21 

23 

25 

27 

28 

30 

8 
8 
8 
8 
9 
9 
9 
9 
9 
10 


1  34 
1  36 
1  38 
1  40 
1  42 


1  44 


1 
1 
1 
1 


45 
47 
49 
6} 


1  32 

1  34 

a  36 

1  37 

1  39 

1  41 

1  43 

1  45 

1  46 

1  48 

10 
10 
10 
10 

11 
11 
11 
11 
11 

12 


0 
12 
24 
36 

48 

12 
24 
36 
48 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


TABLE   25. 


To  reduce  the 

/Add  in  W. 
1  Snb.  in  E. 


Sun's  Bight  Ascension  to  ttny  given 
^-y      Time  under  that  Meridiaa. 


Meridian^  and  to  any 

{Add  aft.  noon. "} 
Sob.  bef.  noon,  j 


r 
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TABLE  26. 
ParallaK  of  ihe  Fhnets  in  Altitude. 


App. 
Alt. 

w^m^tm 

Planet'i 

1  Horizontal  FanUaz. 

^ 

r 

3- 

b" 

7" 

r 

ir 

IS*' 

15" 

17' 

19*' 

21' 

23'' 

25*' 

27" 

29" 

31" '33' 

u. 

IQO 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

30 

32  10' 

20 

3 

5 

7 

9 

10 

12 

14 

16 

18 

20 

22 

24 

25 

27 

29 

31  20 

25 

3 

5 

6 

8 

10 

12 

14 

15 

17 

19 

21 

23 

24 

26 

28 

30  25 

SO 

3 

4 

6 

8 

10 

11 

13 

15 

16 

18 

20 

22 

23 

25 

27 

29  SO 

SS 

2 

4 

6 

8 

9 

11 

13 

14 

16 

18 

19 

21 

23 

24 

26 

28 

SS 

36 

2 

4 

6 

7 

9 

11 

12 

14 

15 

17 

19 

20 

22 

23 

25 

27 

u 

S9 

2 

4 

5 

7 

9 

10 

12 

13 

15 

16 

18 

19 

21 

23 

24 

26 

39 

42 

2 

4 

5 

7 

8 

10 

11 

13 

14 

16 

17 

19 

20 

22 

23 

25 

41 

45 

2 

4 

5 

6 

8 

9 

11 

12 

13 

15 

16 

18 

19 

21 

22 

23 

45 

48 

2 

3 

5 

6 

7 

9 

10 

11 

13 

14 

15 

17 

18 

19 

21 

22 

48 

51 

2 

3 

4 

6 

7 

8 

9 

11 

12 

13 

14 

16 

17 

18 

20 

21 

&l 

54 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18  :  19  1 

54 

57 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

17 

16 

57 

60 

2 

3 

4 

6 

5 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

60 

68 

0 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

11 

12 

13 

14 

15 

03 

66 

0 

2 

3 

4 

4 

5 

6 

7 

8 

9 

9 

10 

11 

12 

13 

13 

66 

69 

0 

2 

3 

3 

4 

5 

5 

6 

7 

8 

8 

9 

10 

10 

11 

12 

€9 

72 

0 

2 

2 

3 

3 

4 

5 

5 

6 

6 

7 

8 

8 

9 

10 

10 

72 

75 

0 

1 

8 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

8 

8 

9 

75 

78 

0 

1 

1 

2 

2 

3 

3 

4 

4 

4 

5 

5 

6 

6 

6 

7 

78 

81 

0 

0 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

81 

84 

0 

0 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

84 

1  87 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

87 

TABLE  27. 
Sun's  Mean  Right  Ascension. 


DaH  Jan.  |  Feb. 

Mar. 

April. 

May. 

June.  Jnlj.  Aug. 

Sept. 

Oct. 

Not.  1  Dec. 

1551 

h.  m. 

h.  m. 

h.  m. 

h.  va. 

h.  m. 

n.  m. 

h.  m. 

h.  m. 

n.  oi. 

h.  m. 

n.  nt.  A.  n. 

1 

18  46 

20  58 

22  48 

0  42 

2  33 

4  35 

6  40 

8  45 

10  41 

12  29 

14  25  16  29 

2 

18  50 

21  2 

22  52 

0  45 

2  37 

4  40 

6  44 

8  49 

10  44 

12  32 

14  29  16  33 

3 

18  54 

21  6 

22  56 

0  49 

2  40 

4  44 

6  48 

8  52 

10  48 

12  36 

14  33  16  37 

4 

18  59 

21  10 

22  59 

0  53 

2  44 

4  48 

6  52 

8  56 

10  52 

12  40 

14  37  i 16  42 

5 

19  3 

21  14 

23  3 

0  56 

2  48 

4  52 

6  56 

9  0 

10  55 

12  43 

14  41  16  46 

6 

19  8 

21  18  23  7 

1  0 

2  52 

4  56 

7  0 

9  4 

10  59 

12  47 

14  45  16  51 

7 

19  12 

21  22  23  10 

1  4 

2  56 

5  0 

7  4 

9  8 

11  2 

12  51 

14  49  16  55 

8 

19  16 

21  26  23  14 

1  7 

3  0 

5  4 

7  9 

9  12 

11  6 

12  54 

14  53  16  59 

9 

19  21 

21  30  23  18 

1  U 

3  4 

6  8 

7  13 

9  15 

11  10 

12  58 

14  57,17  4 

10 

19  25 

21  34  j  23  21 

1  15 

3  8 

5  13 

7  17 

9  19 

11  13 

13  2  15  1'17  8 

11 

19  29 

21  38  23  25 

1  18 

3  11 

5  17 

7  21 

9  23 

11  17 

13  5 :  15  5  17  13 

12 

19  34 

21  42  23  29 

1  22 

3  15 

5  21 

7  25 

9  27 

11  20 

13  9 

15  9  17  17 

13 

19  38 

21  46  ,  23  S3 

1  26 

3  19 

5  25 

7  29 

9  31 

11  24 

13  13 

15  13  17  21 

14 

19  42 

21  50  23  36 

1  29 

3  23 

5  29 

7  33 

9  34 

11  28 

13  16 

15  17.17  26 

15 

19  47 

21  54  23  40 

1  33 

3  27 

5  33 

7  37 

9  38 

11  31 

13  20 

15  21  17  30 

16 

19  51 

21  58  23  43 

1  37 

3  31 

5  37 

7  41 

9  42 

11  35 

13  24 

15  25 

17  35 

17 

19  55 

22  2  23  47 

1  40 

3  35 

5  42 

7  45 

9  46 

11  38 

13  28 

15  30 

17  39 

18 

20  0 

22  5  23  51 

1  44 

3  39 

5  46 

7  49 

9  49  11  42 

13  31 

15  34 

17  43 

16 

19 

20  4 

22  9  23  54 

]  48 

3  43 

5  50 

7  53 

9  53  11  46  13  35 1 

15  38 

17  48  19 
17  52  20 

20 

20  8 

22  13  23  58 

1  51 

3  47 

5  54 

7  57  9  57 

11  49  13  39 

15  42 

21 

20  12 

22  17,  0  2 

1  55 

3  51 

5  58 

8  1  10  0 

11  53  13  43 

15  46 

17  57 

21 

22 

20  17 

22  21  1  0  5 

1  59 

3  55 

6  2 

8  5  10  4 

11  56  13  46 

15  50 

18  1 

22 

23 

20  21 

22  25  0  9 

2  3 

3  59 

6  7 

8  9  10  8 

12  0  13  50 

15  55 

18  6 

23 

24  20  25 

25  20  29 

22  28  0  13 

2  6 

4  3 

6  11 

8  13  10  12 

12  4 

13  54 

15  59 

18  10 

24 

22  32 '  0  16 

2  10 

4  7 

6  15 

8  17  10  15 

12  7 

13  58  16  3 

18  15 

25 

26 

20  33 

22  36  1  0  20 

2  14 

4  11 

6  19 

8  21  10  19 

12  11 

14  2  16  7 

18  19 

26 

27 

20  37 

22  40  0  23 

2  18 

4  15 

6  23 

8  25  10  23 

12  14 

14  6  16  12 

18  23 

27 

28 

20  42 

22  43 

0  27 

2  21 

4  19 

6  27 

8  29  10  26 

12  18 

14  9  16  16 

18  28 

28 

29 

20  46 

22  46 

0  31 

2  25 

4  23 

6  31 

8  33  10  30 

12  22 

14  13  16  20 

18  32 

29 

80 
TlTf 

20  50 

0  34 

2  29  4  27 

6  36   8  37  10  33 

12  25 

14  17 1 16  25 

18  37 

30 

20  54 

1  0  38| 

j  4  31 

'  8  41  10  37 (     j 

14  21 1     |18  41| 

31 

TABLE  28. 
Correction  for  the  Altitude  of  the  Pole  Star. 
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R.A. 
Mer. 


Cor. 
for 
1S40. 


Var. 
for 
10 

lYrg. 


h.  m. 

0  0 
20 
40 

1  20 
40 

2  0 
10 
20 

30 

40 
50 

3  0 
10 
20 
30 
40 
50 

4  0 
10 


*-o- 

'  1 

»»  1 

29 

31 

32 

32 

31 

1 

30 

28 

27 

1 1 

26 

-3 
-3 
—3 
-3 
-3 
—3 
-3 
—3 
—3 


24 

22 

20 

18 

16 

14 

11 

9 

6 

3 

-2 
^2 
—2 
—2 
—2 
—2 
—2 
—2 
—2 


20 
30 
40 
50 
55 
5  0 
5 
10 
20 
25 


1     0 

53 
50 
49 
47 
45 
43 
40 
38 


R.A. 
Mer. 


ha     ID* 

6  5 
10 
15 
20 
25 
30 
35 
40 
45 


6  50 
55 

7  0 

5 
10 
15 
20 
25 
30 


— 0 


— 0 
— 0 
— 1 
~0 


35 
40 
45 
50 
55 
8  0 
5 
10 
15 
20 


30 

36 

— 0 

35 

34 

-0 

40 

32 

— 0 

45 

31 

— 0 

50 

29 

— 0 

55 

27 

-0 

6  0 

25 

— 0 

25 
30 
35 
40 
45 
50 
55 


Cor. 
for 
1840. 


23 
21 
19 
17 
15 
13 
11 
9 
7 


5 
3 
1 
add 
I 
3 
5 
7 
9 
11 


13 
15 
17 
19 
21 
23 
25 
27 
29 
31 


33 
35 
37 
38 
40 
42 
44 


Var. 

for 

10 

Yre. 


— 0 
— 0 
— 0 
— 0 
— 0 
— 0 
-1-1 
+  1 
+  1 


+  1 
+  1 
+  1 

— 1 
— 1 
— 1 
— 1 
— 1 
— 1 


1 
1 
1 
.1 
-1 
.2 
.2 
.2 
.2 
2 


-3 
-3 
-3 
-2 
-2 
-2 
•3 


ILA. 
Mer. 


li.  in. 

9  0 
10 
20 
30 
40 
50 
10  0 
10 
20 


30 
40 
50 

11  0 
10 
20 
30 
40 
50 

12  0 


20 
40 

13  20 
40 

14  0 
10 
20 
30 
40 
50 


Cor. 

for 

1840. 


add 

46 

49 

52 

55 

59 

1  2 

1  5 

1  8 

1  10 


1  13 
1  15 
1  18 
1  20 
1  21 
1  23 
1  25 
1  27 
1  28 
1  29 


Var. 

for 

10 

Y«. 


—2 
—2 
—2 
—3 
—3 
—3 


1  31 
1  32 
1  32 
1  31 
1  30 
1  28 
1  27 
1  26 
1  24 
1  22 


—3 
—3 

—4 
—4 
—3 
—3 
—3 
—4 
—3 
—3 


—3 
—3 
—3 
—3 
—3 
-3 
—3 
—3 
—2 
—2 


15  0 

1  20 

-2 

10 

1  18 

—2 

20 

1  16 

-2 

30 

1  14 

—2 

40 

1  11 

-2 

50 

1  9 

~2 

16  0 

1  6 

—2 

Mer. 


n.  in. 

16  10 
20 
30 
40 
50 
55 

17  0 
5 

10 


20 
25 
30 
35 
40 
45 
50 
55 
18  0 
5 


10 
15 
20 
25 
30 
35 
40 
45 
50 
55 


19  5 
10 
15 
20 
25 
30 


Cor. 

for 

1840. 


fidd 
1  3 
1  0 
57 
53 
50 
49 
47 
45 
43 


40 
38 
36 
34 
32 
31 
29 
27 
25 
23 


21 

19 

17 

15 

13 

11 

9 

7 

5 

3 


tub 
I 
3 
5 
7 
9 
11 


Var. 
for 
10 

Yn. 


— 1 
— 1 
— 1 
— 1 
— 0 
— 1 
— 1 
— 0 
— 0 


— 1 
— 0 
— 0 
— 0 
_^ 

— 0 
— 0 
— 0 
-0 
— 0 


— 0 
— 0 
— 0 
— 0 
— 0 

+  1 
+  1 
+  1 
+  1 
+  1 


— 1 
— 1 
— 1 
— 1 
— 1 
— 1 


R.  A. 
Mer. 


h.  dh. 

19  35 
40 
45 
50 
55 

20  0 
5 

10 
15 


20 
25 
30 
35 
40 
45 
50 
55 
21  0 
10 


Cor. 

for 

1840. 


Var. 

for 

10 

Yrs. 


MUb 

13 
15 
17 
19 
21 
23 
25 
27 
29 


2 
.2 
■2 
2 


31 
33 
35 
37 
38 
40 
42 
44 
46 
49 


'2 
-3 
3 
•3 
■2 
.2 
■2 
-3 
3 
•2 


20 

52 

—2 

30 

55 

—2 

40 

59 

«.3 

50 

1  2 

—3 

22  0 

1  5 

3 

10 

1  8 

—3 

20 

1  10 

—3 

30 

1  13 

—3 

40 

1  15 

—3 

50 

1  18 

—4 

23  0 

1  20 

20 

1  23 

30 

25 

40 

27 

50 

28 

—4 
—3 
—3 
—4 
—3 


TABLE  29. 
CorrectioiiB  of  the  Latitude  deduced  firom  the  above  Table. 


R.A. 

App 

roximate  Latitude. 

R.  A. 

Mer. 

0* 

10** 

20*^ 

30** 

35^ 

40' 

45** 

50**  55**  1  60*  65°  |  70*^ 

75» 

80* 

85* 

Mer. 

h.  in. 

m 

"ik 

— TT 

M 

M 

/  tt 

/  tt 

/    $10          It.    »          It 

1 

/  H 

i  h 

/  u 

/  » 

9       " 

h.  m. 

0  58 

0 

0 

0 

0 

0 

0 

0 

0   0 

0 

0 

0 

0 

0 

0 

0  58 

2  0 

0 

1 

2 

4 

5 

5 

6 

8   9 

11 

14 

18 

24 

41 

1  38 

24  0 

3  0 

0 

4 

8 

12 

15 

19 

22 

26  32 

39 

48  1  3 

1  28 

2  19 

5  32 

23  0 

4  0 

0 

7 

15 

24 

30 

36 

43 

511  2  1  15 

1  34  2  2 

2  49 

4  27 

10  8 

22  0 

5  0 

0 

11 

23 

37 

44 

53 

1  4 

1  161  31' 1  512  18  2  59 

4  6 

6  23 

13  49 

21  0 

6  0 

0 

13 

28 

44 

54 

1  5 

1  18 

1  33 1  52  2  14  2  48  3  37 

4  55 

7  40 

15  36 

20  0 

7  0 

0 

14 

29 

47 

57 

1  9 

1  22 

1  36 

1  57 
1  48 

2  21  2  57  3  46 

5  7 

7  44 

15  18 

19  0 

8  0 

0 

12 

28 

44 

63 

1  4 

1  15 

1  30 

2  9  2  42  3  26 

4  39 

6  55 

13  11 

18  0 

9  0 

0 

10 

22 

35 

42 

50 

1  0 

1  111  25 J  41  2  6  2  42 

3  36 

5  19 

9  53 

17  0 

10  0 

0 

7 

14 

23 

28 

31 

1  40 

47 

56  1  5 , 1  23  1  45 

2  21 

3  26 

6  13 

16  0 

11  0 

0 

4 

8 

12 

14 

17 

20 

24 

28 

32 

42 

53 

1  9 

1  40 

2  58 

15  0 

12  0 

0 

2 

3 

4 

4 

5 

6 

7 

8 

9 

11 

14 

»  19 

26 

45 

14  0 

12  30 

0 

1 

2 

2 

2 

2 

2 

3 

3 

3 

4 

4 

5 

7 

11 

13  30 

168 


TABLE  30. 
Log  Biaiiigi  or  Versed  Sines. 


RISING. 


0  Hour. 


f 

0" 

5" 

1 

10"  j  15" 

20" 

25" 

30" 

35" 

40" 

45" 

50" 

5.-' 

Prt. 

0 

9- 

«  02436 

21818 

37654 

51044 

62642 

72873 

82024  90303 

1 

9*97860 

04813  11250' 17242 '22848 

98114 

33079 

37775 

42230 

46468 

S0509  54370 

2 

0-58066 

61612  65019  68297  '  71455 

74503 

77448 

80296 

83054 

85726 

88319  90637 

3 

93284 

95664  97980  00236  02435 

04580 

06673 

08717 

10714 

12666 

14575  16443 

4 

1*18271 

20062  21817 

23537  i  25224 

26878 

28502 

30095 

31660 

33198 

34708  36193 

5 

37653 

39088  ;  40501 

41890 ;  43258 

4l605 

45931 

47237 

48524 

49792 

51041.52273 

6 

53488 

54686  55868 

57034  58184 

59320 

60440 

61547 

62639 

63718 

64784  65837 

7 

66877 

67905 

68920 

69924  70917 

71898 

72869 

73829 

74778 

75717 

76646 .  77565 

8 

78474 

79374 

80265 

81147  82019 

82884 

83739 

84587 

85426 

86257 

87080 

87896 

9 

88703 

89504 

90297 

91083  91862 

92634 

93399 

94157 

94909 

95655 

96394 

97127 

10 

1-97854 

98574 

99289 

99998  ,  00701 

01399 

02091 

02777 

03458 

04134 

04805  U547O.0  6O3 

U 

2*06131 

06786 

07437 

08082  1 08723 

09359 

09991 

10618 

11240 

11859 

12472 

13082  1 130 

12 

13687 

14288 

14885 

15477 

16066 

16651 

17232 

17809 

18382 

18951 

19517 

20079  2  14« 

13 

20638 

21192 

21744 

22292 

22836 

23377 

23915 

24449 

24980 

25508 

26033 

26554  3  941 

14 

27073 

27588 

28100 

28609 

29116 

29619 

30120 

30617 

31112 

31604 

32093 

32579  4I43S 

15 

33063 

33544 

34023 

34498 

34972 

35442 

35910 

36376 

36839 

37299 

37758 

38213  , 

422 

16 

38667 

39118 

39567 

40013  40457 

40899 

41339 

41776 

42211 

42644 

43075 

43504  ] 

11  M 

17 

43930 

44355 

44777 

45198 

45616 

46033 

46447 

46859 

47270 

47678 

48085 

48490  j  2  \%% 

18 

48893 

49294 

49693 

50090 

50486 

50879 

51271 

51661 

52050 

52436 

52821 

53205!  3  uj 

19 

53586 

53966 

54344 

54721 

55096 

55469 

55841 

56211 

56580 

56947 

57313 

57676'^ 

Ijsss 

20 

2-58039 

58400 

58759 

59117 

59474 

59829 

60182 

60534 

60885 

61234 

61582 

61929  ;c  326 

21 

62274 

62618 

62960 

68302 

63641 

63979 

64316 

64652 

64987 

65320 

65652 

65982  ] 

y  ^^ 

22 

66312 

66640 

66967 

67292 

67617 

67940 

68262 

68583 

68903 

69221 

69538 

69855  \ 

MSO 

23 

70170 

70483 

70796 

71108 

71418 

71728 

72036 

72343 

72649 

72954 

73258 

73561  J 

\\¥> 

24 

73863 

74164 

74464 

74762 

75060 

75357 

75652 

75947 

76241 

76533 

76825 

77116  ^ 

ini 

25 

77405 

77694 

77982 

78269 

78555 

78840 

79124 

79407 

79689 

79970 

80251 

80530  1 

i265 

26 

80809 

81086 

81363 

81639 

81914 

82188 

82461 

82734 

83005 

83276 

83546 

83815 

1  S} 

27 

84083 

84350 

84617 

84883 

85148 

85412 

85675 

85937 

86199 

86460 

86720 

86979  ' 

2)04 

28 

87238 

87496 

87753 

88009 

88265 

88519 

88773 

89027 

89279 

89531 

89782 

90032 

S1S9 

29 

90282 

90531 

90779 

91027 

91273 

91520 

91765 

92010 

92254 

92497  92739 

92981 

4  91S 

30 

2*93223 

93463 ,  93703 

93942 

94181 

94419 

94656 

94893 

95129 

95364  95599 

95833 

b223 

31 

96067 

96299 !  96532 

96763 

96994 

97224 

97454 

97683 

97912 

98140  98367 

98594 

I  45 

32 

98820 

99045  !  99270 

99495 

99719 

99942 

00164 

00386 

00608 

00829  01049 

01269 

2|  89 

33 

3*01488 

01707 

01925 

02143 

02360 

02576 

02792 

03008 

03222 

03437  i  03651 

03864 

3134 

34 

04077 

04289 

04501 

04712 

04922 

05133 

05342 

05551 

05760 

05968  06176 

06383 

4  178 

35 

06590 

06796 

07001 

07207 

07411 

07616 

07819 

08023 

08225 

08428  08629 

08831 

•  194 

36 

09032 

09232  09432 

09632 

09831 

10029 

10227 

10425 

10622 

10819  11015 

11211 

1  19 

37 

11406 

11601  11796 

11990 

12184 

12377 

12570 

12762 

12954 

13146 ; 13337 

13527 

2  T8 

38 

13718 

13908  14097 

14286*14475 

14663 

14850 

15038 

15225 

15411 

15597 

15783 

3116 

39 

15969 

16154  16338 

16522 ' 16706 

16889 

17072 

17255 

17437 

17619  17800 

17982 

4  155 

40  ,3*18162 

18343 

18522 

18702  18881 

19060 

19238 

19417 

19594 

19771  19949 

20125 

Bl7] 

41 

20301 

20477 

20653 

20828  21003 

21177 

21351 

21525 

21699 

21872  22044 

22217 

1  84 

2|  M 

42 

22389 

22560 

22732 

22003  23073 

23244 

23414 

23583 

23753 

23922  24060 

24259 

43 

24427 

24594 

24762 

24929  25095 

25262 

25428 

25594 

25759 

25924  j  26089 

26253 

3103 

44 

26418 

26581 

26745 

26908  27071 

27234 

27396 

27558 

27720 

27881  ;  28042 

28203 

4187 

45 

28363 

28524 

28683 

28843  29002 

29161 

29320 

29478 

29637 

29794 

29952 

30109 

«1SS 

46 

30266 

30423 

30579 

30735  30891 

31047 

31202 

31357 

31512 

31666 

31820 

31974 

I  31 

47 

32128 

32281 1 32434 

32587  32739 

32892 

33044 

33195 

33347 

33498 

33649 

33800 

2  61 

48 

33950 

34100  34250 

34400  34549 

34698 

34847 

34995 

35144  35292 

35430 

35587 

3  91 

49 

35734 

35881  1  36028 

36175  36321 

36467 

36613 

36758 

36903  37048 

37193 

37338 

4  181 

50 

3*37482 

37626,37770,37914  38057 

38200 

38343 

38486 

38628138770 

38912!  39054 '»n9 

51 

39195 

3933G :  30477 

39618  39759 

39899 

40039 

40179 

40319140458 

40597 

40736 

1  88 

52 

40875 

41013-41152 

41290  41427 

41565 

41702 

41839 

41976 

42113 

42250 

42386 

2  58 

53 

42522 

42658  42794  142929  43064 

43199 

43334 

43469 

43603 

43737 

.43871 

44005 

3  88 

54 

44138 

44272 

44405 

44537  44670 

44803 

44935 

45067 

45199 

45331 

45462 

45593 

4110 

55 

45724 

45855 

45986 

46116  46247 

46377 

46507 

46636 

46766 

46895 

47024 

47153 

•  m 

56 

47282 

47410 

47539 

47667  47795 

47923 

48050 

48177 

48305 

48432 

48558 

48685 

1  88 

57 

48811 

48938 

49064! 49190  49315 

49441 

49566 

49691 

49816 

49941 

50066 

50190 

2  69 

58 

50314 

50438 

50562  50686  50809 

50933 

51056 

51179 

51301 

51424 

51547 

51669 

3  78 

50 

51791 

51913 

52035 

] 52156 

52278 

62399 

52520 

52641 

52761 

52882 

53002 

53122 

4100 

TABLE    80. 
Log  Risings  or  Vened  Sines. 


1S9 


mitnro. 


1  Hour. 


0" 

y 

10* 

15* 

20* 

25" 

30* 

35'' 

40* 

45* 

50* 

55-' 

Ito. 

pt8. 

0 13*53243 

53362 

53482 

53602 

53721 

53840 

53959 

54078 

54197 

54315 

54434 

54552 

8  115 

1 

54670  54788 

54905 

55023 

55140 

55258 

55375 

55492 

55608 

55725 

55841 

55958 

1 

as 

2 

56074  56190 

56306 

56421 

56537 

56652 

56767 

56882 

56997 

57112 

57226 

57341 

2 

46 

3 

57455  57569 

57683 

57797 

57910 

58024 

58137 

58250 

58363 

58476 

58589 

58702 

3 

69 

4 

58814  58926 

59038 

59150 

59262 

59374 

59486 

59597 

59708 

59819 

59930 

60041 

4 

99 

5 

60152 

60262 

60373 

60483 

60593 

60703 

60813 

60923 

61032 

61143 

61251 

61360 

s'l07 

6 

61469  61578 

61686 

61795 

61903 

62012 

62120 

62228 

62336 

62443 

62551 

62659 

1  91 

7 

62766 

62873 

62980 

63087 

63194 

63301 

63407 

63513 

63620 

63726 

63832 

63938 

2  48 

8 

64643 

64149 

64254 

64360 

64465 

64570 

64675 

64780 

64885 

64989 

65094 

65198 

3  64 

9 

65302 

65406 

65510 

65614 

65717 

65821 

65924 

66028 

66131 

66234 

66337 

66440 

4  86 

10 

3-66542 

66645 

66747 

66849 

66952 

67054 

67156 

67257 

67359 

67461 

67562 

67663 

■  99 

11 

67765 

67866 

67967 

68067 

68168 

68269 

68369 

68469 

68C70 

68670 

68770 

68870 

1 

90 

12 

68969 

69069 

69169 

69268 

69367 

69467 

69566 

69665 

69763 

69862 

69961 

70059 

2 

40 

13 

70158 

70256 

70354 

70452 

70550 

70648 

70745 

70843 

70940 

71038  171135 

71232 

3 

60 

14 

71329(71426 

71523 

71620 

71716 

71813 

71909 

72005 

72101 

72197 

72294 

72389 

4 

80 

15 

72485  72580 

72676 

72771 

72867 

72962 

73057 

73152 

73247 

73341 

73436 

73530 

b92 

16   73025 

73719 

73813 

73907 

74001 

74095 

74189 

74283 

74376 

74470 

74563 

74657 

1 

17 

17 

74750  >  74843 

74936 

75029 

75121 

75214 

75307 

75399 

75491 

75584  75676 

75768 

2 

87 

18 

75860  75952 

76043 

76135 

76227 

76318 

76409 

76501 

76592 

76683  76774 

76865 

3 

55 

19  76955 

20  3-78037 

77046 

77137 

77227 

77318 

77408 

77498 

77588 

77678 

77768  77858 

77947 

4 

78 

78127 

78216 

78305 

78395 

78484 

78573 

78662 

78750 

78839  78928 

79016 

8  87 

21   79105  79193 

79282 

79370 

79458 

79546 

79634 

79722 

79809 

79897  79985 

80072 

1 

IT 

22   80159 ,  80247 

80334 

80421 

80508 

80595 

80682 

80768 

80855 

80942  81028 

81115 

2 

85 

23   8120r  81287 

81373 

81459 

81545 

81631 

81717 

81802 

81888 

81974  82059 

82144 

3 

52 

24   82230  82315 

82400 

82485 

82570 

82655 

82739 

82824 

82908 

82993  83077 

83162 

4 

70 

25   83246 '  83330 

83414 

83498 

83582 

83666 

83749 

83833 

83917 

84000  84083 

84167 

b82 

26   84250  84333 

84416 

84499 

84582 

84665 

84748 

84830 

84913 

84995  85078 

85160 

1 

16 

27 

85242  85324 

85406 

85488 

85570 

85652 

85734 

85816 

85897 

85979  86060 

86141 

2 

88 

28 

86223  86304 

86385 

86466 

86547 

86628 

86709 

86790 

86870 

86951  87031 

87112 

3 

49 

29 

87192  87272 

87352  87433 

87513  87593*87672 

87752 

87832 

87912 

87991 
88940 

88071  4 

6« 

30 

3-88150  88229  89309,88388' 

88467  88546  88625 

88704 

88783 

88862 

89019  177 

31   89097  89176189254  89333 

89411  89489  89567 

89645 

89723 

89801  89879 

89956 

1 

15 

32   90034  90112  90189  90267 

90344  90421  90498 

90576 

90653 

90730  90807 

90884 

2 

81 

33   90960  91037 

91114  91190  91267  91343  91420 

91496 

91572 

91648  91724 

91800 

3 

46 

31   91876  91952 

92028  92104  92179  92255  92331 

92406 

92482 

92557  92632 

92707 

4 

69 

35:  92782  92858 

92933  93007 

93082  93157 

93232 

93306  93381 

93456  93530 

93605 

b73 

36;  93679  93753 

93827  93901 

93975  ;  94049 

94123 

94197 

94271 

94345  94418 

94492 

1|15 

37   94566  ,  94639 

94712  94786 

94859 ;  94932 

95005 

95078 

95152 

95224  95297 

95370  2S9 

38   95413  95515 

95588 .  95661 

95733  1  95806 

95878 

95950 

96023 

96095  96167 

96239  3 

44 

39 
40 

963  1  96383 

96455  1  96527 

96599  96670 

96742 

96813 

96885 

96956  97028 

97099 

4 

50 

3-97170  97242 

97313 

97384 

97455  ,  97526 

97597 

97667 

97738 

97809  97880 

97950 

■  70 

41  1  98021  98091 

98162 

98232 

98302  98372 

98443 

98513 

98583 

98653  98723 

98793 

1 

14 

42'  98862 '98932 

99002 

99072 

99141  99211 

99280 

99350 

99419 

99488  99557 

99627 

2 

90 

43!  99696199765 

99834 

99903 

99972  00040 

00109 

00178 

00247 

00315  00884 

00452  '  3 

49 

41  4*00521  ,00589 

00657 

00726 

00794  00862 

00930 

00998 

01066 

01134  01202 

01270  4 

50 

45   01337 

01405 

01473 

01540 

01608 

01675 

01743 

01810 

01877 

01945  02012 

02079 , B  66 

46   02140 

02213 

02280 

02347 

02414 

02481 

02547 

02614 

02681 

02747  02814 

02880  1 

IS 

47 

02917 

03013 

03080 

03146 

03212 

03278 

03344 

03411 

03477 

03542  08608 

08674  2 

96 

48 

03740 

03806 

03871 

03937 

04003 

04068 

04134 

04199 

04265 

04330  04395 

04460 , 3 

40 

49 

04^26 

04591 

04656 

04721 

04786 

04851 

04916 

04980 

05045 

05110  05175 

05239 

4 

5S 

50 

4  06304 

05368 

05433 

05497 

05561 

05626 

05690 

05754 

05818 

05882  05946 

06010 

■  63 

51 

06074 

06138 

06202 

06266 

06330 

06393 

06457 

06521 

06584 

06648  06711 

06775  1 

IS 

52 

06838 

06901 

06965 

07028 

07091 

07154 

07217 

07280 

07343 

07406  07469 

07532  2 

98 

53 

07595 

07657 

07720 

07783 

07845 

07908 

07970 

08033 

08095 

08157  09220 

08282  3SS 

54 

08344 

08406 

08468 

08530 

08592 

08654 

08716 

08778 

08840 

08902 ,  08964 

09025  4  SO 

55 

09067 

09148 

09210 

09272 

09333 

09394  ;  09456 

09517 

•09578 

0964O 

09701 

09762  t60 

50 

09823 

09884 

09945 

10006 

10067 

10128 

10188 

10249 

10310 

10371 

10431 

10492  1 

19 

57 

10552 

10613 

10673 

10734 

10794 

10854 

10915 

10975 

11035 

11095 

11155 

11215 

2 

94 

50 

11275 

11335 

11395 

11455 

11515 

11575 

11634 

11694 

11754 

11813 

11873' 

11932 

3 

80 

59 

11992 

12051 

12111 

12170 

12229 

12289 

12348 

12407 

12466 

12529 

12584 

12643 

4 

49 

160 


TABLE  30. 
Log  Bising,  or  Yeraed  Sines. 


HISINO. 


2  Hoan. 


/ 

O*' 

b" 

lO*' 

li"       20^ 

25-^ 

30'' 

35-^ 

40* 

45" 

50* 

55* 

ho. 

0 

4*12702 

12761 

12820 

12879 

12938 

12996 

13055 

13114 

13172 

13231 

13289 ;  13348 

§b: 

1 

13406 

13465 

13523 

13581 

13640 

13698 

13756 

13814 

13872 

13931 

13989 

14047 

H" 

2 

14104 

14162 

14220 

14278 

14336 

14394 

14451 

14508 

14567 

14625 

14682 

14759 

^n 

3 

14797 

14854 

14911 

14969 

15026 

15083 

15140 

15198 

15255 

15312 

15369 

15426 

3 

14 

4 

15483 

15540 

15597 

15653 

15710 

15767 

15824 

15880 

15937 

15994 

16050 

16107 

4 

«< 

5 

16163 

16220 

16276 

16332 

16389 

16445 

16501 

16557 

16614 

16670 

16726 

16782 

8&5 

6 

16838 

16894 

16950 

17006 

17062 

17117 

17173 

17229 

17285 

17340 

17396 

17451 

in 

7 

17507 

17563 

17618 

17673 

17729 

17784 

17840 

17895 

17950 

18005 

18060 

18116 

rn 

8 

18171 

18226 

18281 

18336 

18391 

18445 

18500 

18555 

18610 

18665 

18719  18774  Z\U 

9 

18829 

18883 

18938 

18992 

19047 

19101 

19156 

19210 

19265 

19319 

19373  19427  4 

10 

419482 

19536 

19590 

19644 

19698 

19752 

19806 

19860 

19914 

19968 

20022 

20075,  1 

11 

20129 

20183 

20236 

20290 

20344 

20397 

20451 

20505 

20558 

20611 

20665 

20718  i  1 

in 

12 

20771 

20825 

20878 

20931 

20984 

21037 

21091 

21144 

21197 

21250 

21303 

21356 

2|li 

13 

21409 

21461 

21514 

21567 

21620 

21673 

21725 

21778 

21831 

21883 

21936 

21988 

r 

14 

22041 

22093 

22146 

22198 

22250 

22303 

22355 

22407 

22459 

22511 

22564 

22616 

!*> 

15 

22668 

22720 

22772 

22824 

22876 

22928 

22980 

23031 

23083 

23135 

23187 

23238 

iSl 

16 

23290 

23342 

23393 

23445 

23496 

23548 

23599 

23651 

23702 

23754 

23805 

23856 

u 

17 

23907 

23959 

24010 

24061 

24112 

24163 

24214 

24265 

24316 

24367  24418 

24469 

s« 

18 

24520 

24571 

24622 

24673 

24723 

24774 

24825 

24875 

24926 

24977  25027 

25078 

Si 

19 

25128 

25178 

25229 

25279 

25330 

25380 

25430 

25481 

25531 

25581  25631 

25681 

41 

20 

4*25731 

25781 

25831 

25881 

25931 

25981 

26031 

26081 

26131 

26181  j  26231 

26281 

T4f 

21 

26330 

26380 

26429 

26479 

26529 

26578 

26628 

26677 

26727 

26776 

26826 

26875 

10 

22 

26924 

26974 

27023 

27072 

27121 

27171 

27220 

27269 

27318 

27367 

27416 

27465 

to 

23 

27514 

27563 

27612 

27661 

27710 

27759 

27807 

27856 

27905 

27954 

28002 

28051 

ti 

24 

28099 

28148 

28197 

28245 

28294 

28342 

28391 

28439 

28487 

28536 

28584 

28632 

19 

25 

28681 

28729 

28777 

28825 

28873 

28921 

28969 

29017 

29066 

29114 

29161 

29209 

■  47 

26 

29257 

29305 

29353 

29401 

29449 

29496 

29544 

29592 

29639 

29687 

29735 

29782 

9 

27 

29830 

29877 

29925 

29973 

30020 

30067 

30115 

30162 

30209 

30257 

30304 

30351 

19 

28 

30398 

30445 

30493 

30540 

30587 

30634 

30681 

30728 

30775 

30822 

30869 

30916 

18 

29 

30963 

31009 

31056 

31103 

31150 

31197 

31243 

31290 

31337 

31383 

31430 

31476 

18 

30 

4*31523 

31569 

31616 

31662 

31709 

31755 

31801 

31848 

31894 

31940 

31987 

32033 

^45 

31 

32079 

32125 

32171 

32217 

32264 

32310 

32356 

32402 

32448 

32494 

32540 

32586 

9 

32 

32631 

32677 

32723 

32769 

32815 

32860 

32906 

32952 

32997 

33043 

33089 

33134 

It 

33 

33180 

33225 

33271 

33316 

33362 

33407 

33453 

33498 

33543 

33589 

33634 

33679 

17 

34 

33724 

33770 

33815 

33860 

33905 

33950 

33995 

34040 

34085 

34130 

34175 

34220 

S€ 

35 

34265 

34310 

34355 

34400 

34444 

34489 

34534 

34579 

34623 

34668 

34713 

34757 

•  44 

36 

34802 

34847 

34891 

34936 

34980 

35025 

35069 

35114 

35158 

35202 

35247 

35291 

1  9 

37 

35335 

35380 

35424 

35468 

35512 

35556 

35601 

35645 

35689 

35733 

35777 

35821 

2  19 

38 

35865 

35909 

35953 

35997 

36041 

36085 

36128 

36172 

36216 

36260 

36303 

36347 

S7 

39 

36391 

36435 

36478 

36522 

36565 

36609 

36653 

36696 

36740 

36783 

36827 

36870 

S5 

40  4*36913 

36957 

37000 

37043 

37087 

37130 

37173 

37216 

37260 

37303 

37346 

37389 

T43 

41 

37432 

37475 

37518 

37561 

37604 

37647 

37690 

37733 

37776 

37819 

37862 

37905 

9 

42 

37948 

37990 

38033 

38076 

38119 

38161 

38204 

38247 

38289 

38332 

38374 

38417 

2 

1» 

43 

38460 

38502 

38545 

38587 

38629 

38672 

38714 

38757 

38799 

38841 

38884 

38926 

3 

96 

44 

38968 

39010 

39052 

39095 

39137 

39179 

39221 

39263 

39305 

39347 

39389 

39431 i  4| 

S« 

45 

39473 

39515 

39557 

39599 

39641 

39683 

39725 

39766 

39808 

39850 

39892 

39933!  8  41 

46 

39975 

40017 

40058 

40100 

40142 

40183 

40225 

40266 

40308 

40349 

40391 

40432  I 

9 

47 

40474 

40515 

40556 

40598 

40639 

40680 

40722 

40763 

40804 

40845 

40887 

40928  2 

16 

48 

40969 

41010 

41051 

41092 

41133 

41174 

41215 

41256 

41297 

41338 

41379 

414201  3 

ti 

49 

41461 

41502 

41543 

41583 

41624 

41665 

41706 

41746 

41787 

41828 

41868 

41909 

<l 

93 

50  4*41950 

41990 

42031 

42071 

42112 

42153 

42193 

42233 

42274 

42314 

42355 

42395 

■  40 

51 

42435 

42476 

42516 

42556 

42597 

42637 

42677 

42717 

42758 

42798  !  42838 

42878  1 

9 

52 

42918 

42958 

42998 

43038 

43078 

43118 

43158 

43198 

43238 

43278  43318 

43358  2 

16 

53 

43398 

43437 

43477 

43517 

43557 

43597 

43636 

43676 

43716 

43755 

43795 

43835  3 

94 

54;  43874 

43914 

43953 

43993 

44032 

44072 

44111 

44151 

44190 

44229  44269 

44308  4 

99 

55  44348 

44387 

44426 

44465 

44505 

44544 

44583 

44622 

44662 

44701 

44740 

44779  tSS 

56  44818 

44857 

44896 

44935 

44974 

45013 

45052 

45091 

45130 

45169 

45208 

45247  I 

9 

57   45286 

45325 

45363 

45402 

45441 

45480 

45518 

45557 

45596 

45634  456731 

45712  2 

16 

58   45750 

45789 

45827 

45866 

45905 

45943 

45982 

46020 

46058 

46097 

46135 

46174  3 

99 

59 

1  46212 

46250 

46289 

46327 

46365 

46404 

46442 

46480 

46518 

46556 

46595 

46633 

4 

19 

I 


TABLE  80. 
Log  Rising,  or  Versed  Sines. 
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Kisiire. 

3  Hours* 

Vo. 

>t8. 

f 

or 

5" 

10" 

15" 

20" 

25" 

30" 

36"   40" 

46" 

60" 

55" 

I 

0 

1*46671  '  46709 

46747 

46785 

46823 

46861 

46899 

46937 

46975 

47013 

47051 

47089 

s  38 

1 

47127 

47165 

47203 

47241 

47278 

47316 

47354  47392 

47430 

47467 

47505 

47543 

1 

8 

2 

47580 

47618 

47656 

47693 

47731 

47768 

47806 

47843 

47881 

47918 

47956 

47993 

2 

19 

3 

48031 

48068  48106 148143 

48180 

48218 

48255 

48292 

48330 

48367 

48404 

48441 

3 

as 

4 

48479 

48516  48553 

48590 

48627 

48664 

48701 

48739 

48776 

48813 

48850 

48887 

4 

ao 

5 

48924 

48961 

48998 

49035 

49071 

49108 

49145 

49182 

49219 

49256 

49293 

49329 

8  36   1 

6 

49366 

49403 

49440 

49476 

49513 

49550 

49586 

49623 

49660 

49696 

49733 

49769 

1 

7 

7 

49806 

49842 

49879 

49915 

49952 

49988 

50025 

50061 

50098 

50134 

60170 

50207 

2 

15 

8 

50243 

50279 

50316 

50352 

50388 

50424 

50461 

50497 

50533 

50569 

50605 

50641 

3 

2a 

9 

50677  '  50714 

50750 

50786 

50822 

50858 

50894 

50930 

50966 

51002 

51038 

51073 

4 

a9 

10 

t-31109  51145 

51181 

51217 

51253 

51289 

51324 

51360 

51396 

51432 

51467 

51503 

B  36  1 

11 

51539  !  51574 

61610 

51646 

51681 

51717 

51753 

51788 

51824 

51859 

51895 

51930 

1 

7 

12 

51966  52001 

52037 

52072 

52107 

62143 

52178 

52213 

52249 

52284 

52319 

52355 

2 

14 

13 

52390  52425 

52461 

52496 

52531 

52566 

52601 

52636 

52672 

52707 

52742 

52777 

3 

ai 

U 

52812  52847 

52882 

52917 

52952 

52987 

53022 

53057 

53092 

53127 

53162 

53197 

4 

as 

15 

53251  53266 

53301 

53336 

53371 

53405 

53440 

53475 

53510 

53544 

53579 

53614 

■  34  1 

16 

53648  53683 

53718 

53752 

53787 

53821 

53856 

53891 

53925 

53960 

53994 

54029 

1 

7 

1/ 

54063  54097 

54132 

54166 

54201 

54235 

54269 

54304 

54338 

54372 

54407 

54441 

2 

14 

18 

54475  54509 

64544 

54578 

54612 

54646 

54680 

54715 

54749 

54783 

54817 

54851 

3 

ao 

19 

54885  54919 

54953 

54987 

55021 

55055 

55089 

55123 

55157 

55191 

55225 

55259 

4 

a6 

20 

4-55293  55327 

55360  55394 

55428 

55462 

55496 

55529 

55563 

55597 

55630 

55664 

B  33   1 

21 

55698  55732 

55765 

55799 

55832 

55866 

55900 

55933 

55967 

56000 

56034 

56067 

1 

7 

22 

56101  56134 

66168 

66201 

56235 

56268  56301 

56335 

56368 

66401 

56435 

56468 

2 

IS 

23 

56501 

66534 

66568 

66601 

56635 

56668  56701 

56734 

56767 

56800 

56834 

56867 

3 

30 

24 

56900 

56933 

56966 

56999 

57032 

57065 

57098 

57131 

57164 

57197 

57230 

57263 

4 

a7 

25 

57296 

67329 

67362 

57395 

57428 

57460 

57493 

57526 

57559 

57592 

57625 

57657 

8  32  1 

26 

57690 

67723 

67755 

67788 

57821 

57854 

57886 

57919 

57951 

57984 

58017 

58049 

1 

6 

27 

58082 

58114 

68147 

68179 

58212 

58244 

68277 

58309 

58342 

68374 

58407 

58439 

2 

13 

28 

58471 

68504 

68536 

58568 

58601 

58633 

58665 

58698 

58730 

58762 

58794 

58827 

3 

19 

29 

58859 

68891 

68923 

68955 

58988 

59020 

59052 

59084 

59116 

59148 

59180 

59212 

4 

a6 

30 

1*59244 

59276 

59308 

59340 

59372 

59404 

59436 

59468 

59500 

59532 

59564 

59596 

B 

32 

31 

59627 

59659 

69691 

59723 

59755 

59786 

59818 

59850 

59882 

59913 

59945 

59977 

1 

6 

32 

60008 

60040 

60072 

60103 

60135 

60167 

60198 

60230 

60261 

60293 

60324 

60356 

2 

IS 

33 

60388 

60419 

60450 

60482 

60513 

60545 

60576 

60608 

60639 

60670 

60701 

60733 

3 

19 

34 

60764 

60796 

60827 

60858 

60890 

60921 

60952 

60983 

61015 

61046 

61077 

61108 

4 

36 

35 

61139 

61171 

61202 

61233 

61264 

61295 

61326 

61357 

61388 

61419 

61450 

61481 

B  31   1 

36 

61512 

61543 

61574 

61605 

61636 

61667 

61698 

61729 

61760 

61791 

61822 

61852 

1 

«   1 

37 

61883 

61914 

61946 

61976 

62006 

62037 

62068 

62099 

62129 

62160 

62191 

62222 

2 

12   1 

38 

62252 

62283 

62313 

62344 

62375 

62405 

62436 

62466 

62497 

62528 

62558 

62589 

3 

19   1 

39 

62619  62650 

62680 

62711 

62741 

62771 

62802 

62832 

62863 

62893 

62923 

62954 

4 

»   1 

40 

i'62984 

63014 

63045 

63075 

63105 

63136 

63166 

63196 

63226  632571 

63287 

63317 

8  30  1 

41 

63347 

63377 

63407 

63438 

63468 

63498 

63528 

63558 

63588 

63618 

63648 

63678 

1 

«   1 

42 

63706 

63738 

63768 

63798 

63828 

63858 

63888 

63918 

63948 

63978 

64008 

64038 

2 

1>   1 

43 

64068 

64097 

64127 

64157 

64187 

64217 

64246 

64276 

64306 

64336 

64365 

64395 

3 

18   1 

44 

64425 

64466 

64484 

64514 

64644 

64573 

64603 

64632 

64662 

64692 

64721 

64751 

4 

34   1 

45 

64780 

64810 

64839 

64869 

64898 

64928 

64957 

64987 

65016 

65045 

65076 

65105 

8  29  1 

46 

66134 

65163 

65193 

65222 

65251 

65281 

65310 

65339 

65369 

65398 

65427 

65456 

1 

^      1 

47 

65486 

65616 

65544 

65573 

65603 

65632 

65661 

65690 

65719 

65748 

65777 

65806 

2 

'*   1 

4fl 

65836 

66866 

65894 

65923 

65952 

65981 

66010 

66039 

66068 

66097 

66126 

66155 

3 

1^   1 

49 

66184 

66213 

66242 

66270 

66299 

66328 

66357 

66386 

66416 

66444 

66472 

66501 

4 

«   1 

1  ^ 

(66530  66559:66588 

66616 

66645 

66674 

66702 

66731 

66760 

66789 

66817 

66846 

8  29  1 

1  ^1 

66875 

66903 

66932 

66960 

66989 

67018 

67046 

67075 

67103 

67132 

67160 

67189 

1 

«   1 

1  5S 

67217 

67246 

67274 

67303 

67331 

67360 

67388 

67416 

67446 

67473 

67502 

67530 

2 

1>   1 

1  ^' 

67558 

67687 

67615 

67643 

67672 

67700 

67728 

67756 

67785 

67813 

67841 

67869 

8 

17   1 

1  ^^ 

I  67897 

67925 

67954 

67982 

68010 

68038 

68066 

68094 

68123 

68151 

68179  68207 

4 

as  1 

1  ^' 

^  68235 

68263 

68291 

68319 

68347 

68375 

68403 

68431 

68459 

68487 

68515  68543 

8  28  1 

1  ^\   68571 

68699  68627 

68654 

68682 

68710 

68738 

68766 

68794  68821 

68849 '  68877 

1 

6 

1  m   68905 

68933  68960 

68988 

69016 

69043 

69071 

69099 

69127  1  69154 

69182  69210 

2 

11 

1  S8|  69237 

69265 '  69292 

69320 

69348 

69375 

69403 

69430 

69458 ;  69486 

69513  69540 

3 

17 

1  ^' 

H  69568 

69596 ;  69623 

69650 

69678 

69705 

69733 

69760 

69788 ;  69816 

69842  69670 

4 

aa 

leS                  TABLE  SO. 

Log  Bifdng,  or  Versed  Sines. 

nSIKG. 

4  Hoon. 

# 

O-' 

b' 

lo-' 

15" 

20" 

25" 

30" 

35" 

40" 

45" 

50" 

55" 

no. 

1^ 

0 

4-69897 

69924 

69952 

69979 

70006 

70034 

70061 

70088 

70115 

70143 

70170 

70197 

•  27 

1 

70224 

70252 

70279 

70306 

70333 

70360 

70387 

70415 

70442 

70469 

70496 

70523 

111 

8 

70550 

70577 

70604 

70631 

70658 

70685 

70712 

70739 

70766 

70793 

70620 

70847 

2|H 

3 

70874 

70901 

70928 

70955 

70982 

71009 

71036 

71063 

71089 

71116 

71143 

71170 

3  ill 

4 

71197 

71224 

71250 

71277 

71304 

71331 

71357 

71384 

71411 

71438 

71464 

71491 

4  in 

5 

71518 

71544 

71571 

71598 

71624 

71651 

71678 

71704 

71731 

71757 

71784 

71810 

i26 

6 

71837 

71864 

71890 

71917 

71943 

71970 

71996 

72023 

72049 

72075 

72102 

72128 

1 

S 

7 

72155 

72181 

72208 

72234 

72260 

72287 

72313 

72339 

72366 

72392 

72418 

72445 

11 

8 

72471 

72497 

72523 

72550 

72576 

72602 

72628 

72655 

72681 

72707 

72733 

72759 

)i 

9 

72785 

72812 

72838 

72864 

72890 

72916 

72942 

72968 

72994 

73020 

73046 

73072 

11 

10 

4-73099 

73125 

73151 

73177 

73203 

73228 

73254 

73280 

73306 

73332 

73358 

73384 

Tk  1 

11 

73410 

73436 

73462 

73488 

73514 

73539 

73565 

73591 

73617 

73643 

7So68 

736N 

» 

12 

73720 

73746 

73772 

73797 

73823 

73849 

73874 

73900 

73926 

73961 

73977 

74003 

!• 

13 

74028 

74054 

74080 

74105 

74131 

74157 

74182 

74208 

74233 

74259 

74284 

74310 

li 

14 

74335 

74361 

74386 

74412 

74437 

74463 

74488 

74514 

74539 

74565 

74590 

74616 

tl 

15 

74641 

74666 

74692 

74717 

74742 

74768 

74793 

74818 

74844 

74869 

74894 

74920 

•  »  1 

16 

74945 

74970 

74995 

75021 

75046 

75071 

75096 

75122 

75147 

75172 

75197 

75222 

ft 

17 

75247 

75273 

75298 

75323 

75348 

75373 

75398 

75423 

75448 

75473 

75498 

75623 

It 

18 

75549 

75574 

75599 

75624 

75649 

75674 

75699 

75723 

75748 

75773 

75798 

75823 

IS 

19 

75848 

75873 

75898 

75923 

75948 

75973 

75997 

76022 

76047 

76072 

76097 

76121 

M 

20 

4-76146 

76171 

76196 

76221 

76245 

76270 

76295 

76320 

76344 

76369 

76394 

76418 

T»  I 

21 

76443 

76468 

76492 

76517 

76542 

76566 

76591 

76615 

76640 

76665 

76689 

76714 

1 

22 

76738 

76763 

76787 

76812 

76836 

76861 

76885 

76910 

76934 

76959 

76983 

77008 

U 

23 

77032 

77057 

77081 

77105 

77130 

77154 

77179 

77203 

77227 

77252 

77276 

77300 

IS 

24 

77325 

77349 

77373 

77398 

77422 

77446 

77470 

77495 

77519 

77543 

77567 

77592 

M 

25 

77616 

77640 

77664 

77688 

77713 

77737 

77761 

77785 

77809 

77833 

77857 

77882 

•  «  1 

26 

77906 

77930 

77954 

77978 

78002 

78026 

78050 

78074 

78098 

78122 

78146 

78178 

1 

i 

27 

78194 

78218 

78242 

78266 

78290 

78314 

78338 

78361 

78385 

78409 

78433 

78457 

-» 

10 

28 

78481 

78505 

78529 

78552 

78576 

78600 

78624 

78648 

78671 

78695 

78719 

78743 

15 

29 

78767 

78790 

78814 

78838 

78861 

78885 

78909 

78933 

78956 

78980 

79004 

79027 

19 

30 

4*79051 

79074 

79098 

79122 

79145 

79169 

79192 

79216 

79240 

79263 

79287 

79310 

To  1 

31 

79334 

79357 

79381 

79404 

79428 

79451 

79475 

79498 

79522 

79545 

79568 

79592 

i 

32 

79615 

79639 

79662 

79686 

79709 

79732 

79756 

79779 

79802 

79826 

79849 

79872 

f 

33 

79896 

79919 

79942 

79965 

79989 

80012 

80035 

80059 

80082 

80105 

80128 

80151 

14 

34 

80175 

80198 

80221 

80244 

80267 

80290 

80314 

80337 

80360 

80383 

80406 

80429 

If 

35 

80452 

80475 

80498 

80521 

80545 

80568 

80591 

80614 

80637 

80660 

80683 

80706 

•  a  1 

36 

80729 

80752 

80775 

80797 

80820 

80843 

80866 

80889 

80912 

80935 

80958 

80981 

S 

37 

81004 

81027 

81049 

81072 

81095 

81118 

81141 

81163 

81186 

81209 

81232 

81255 

• 

38 

81277 

81300 

81323 

81346 

81368 

81391 

81414 

81437 

81459 

81482 

81505 

81527 

14 

39 

81550 

81573 

81595 

81618 

81641 

81663 

81686 

81708 

81731 

81754 

81776 

81799 

18 

40 

4-81821 

81844 

81866 

81889 

81911 

81934 

81956 

81979 

82001 

82024 

82046 

82069 

T«  1 

41 

82091 

82114 

82136 

82159 

82181 

82203 

82226 

82248 

82271 

82293 

82315 

82338 

4 

42 

82360 

82382 

82405 

82427 

82449 

82472 

82494 

82516 

82538 

82561 

82583 

82005 

9 

43 

82628 

82650 

82672 

82694 

82716 

82739 

82761 

82783 

82805 

82827 

82850 

82872 

U 

44 

82894 

82916 

82938 

82960 

82982 

83004 

83026 

83049 

83071 

83093 

83115 

83137 

19 

45 

83159 

83181 

83203 

83225 

83247 

83269 

83291 

83313 

83335 

83357 

83379 

83401 

■  »  1 

46 

83423 

83445 

83467 

83488 

83510 

83532 

83554 

83576 

83598 

83620 

83642 

83663 

4 

47 

83685 

83707 

83729 

83751 

83773 

83794 

83816 

83838 

83860 

83881 

83903 

83925 

f 

48 

83947 

83968 

83990 

84012 

84034  84055 

84077 

84099 

84120 

84142 

84164 

84185 

11 

49 

84207 

84229 

84250 

84272 

84293  84315 

84337 

84358 

84380 

84401 

84423 

84444 

17 

50 

4  84466 

84488 

84509 

84531 

84552 

84574 

84595 

84617 

84638 

84659 

84681 

84702 

stl  1 

51 

84724 

84745 

84767 

84788 

84810 

84831 

84852 

84874 

84895 

84916 

84938 

84959 

4 

52 

84981  85002 

85023 

85044 

85066 

85087 

85108 

85130 

85151 

85172 

85194 

85215 

8 

53 

85236  85257 

85278 

85300 

85321 

85342 

85363 

85385 

85406 

85427 

85448 

85469 

18 

54 

85490 

85512 

85533 

85554 

85575 

85596 

85617 

85638 

85659 

85680 

85701 

85722 

IT 

55 

85744 

85765 

85786 

85807 

85828 

85849 

85870  85891 

85912 

85933 

85954 

85975 

tti  1 

56 

85996 

86017 

86038 

86058 

86079  86100 

86121  86142 

86163 

86184 

86205 

86226 

4 

57 

86247 

86267 

86288 

86309 

86330  86351 

86372  86392 

86413 

86434 

86455 

86475 

8 

58 

86496 

86517  86538 1 86559 1 86579 

86600 

86621  86641 

86662 

86683 

86704 

86784 

IS 

59 

86745 

86766 

86786 1 

86807 1 

868281 

86848 

86869 

86889 1 

86910 

869311 

86951 

^6972 

17 
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ftlSlNO. 

5  Honn.                               | 

V 

tr 

i' 

10^ 

15-^ 

to^ 

25^^ 

30^ 

$5^^ 

40^ 

45*' 

50^   55^ 

jpti.   1 

0 

4-869^2 

87013 

87034 

87054 

87075 

87095 

87116 

87136  87157 

87177 

87198 

87218 

20 

1 

87239 

87259 

87280 

87300 

87321 

87341 

87362 

87382 

87402 

87423 

87443 

87464 

4 

2 

874S4 

87505 

87525 

87545 

87566 

87586 

87606 

87627 

87647 

87667 

87688 

87708 

8 

3 

«7728 

87749 

87769 

87789 

87809 

87830 

87850 

87870 

87890 

87911 

87931 

87951 

IS 

4 

87971 

87992 

88012 

88032 

88052 

88072 

88093 

88113 

88133 

88153 

88173 

88193 

16 

5 

88213 

88234 

88254 

88274 

88294 

88314 

88334 

88354 

88374 

88394 

88414 

88434 

■  '20   1 

6 

884S4 

88474 

88494 

88514 

88534 

88554  i 

88574 

88594 

88614 

88634 

88654 

88674 

4 

? 

88694 

88714' 

88734 

88754 

88774 

88794 : 

88814 

88834 

88853 

88873 

88893 

88913 

8 

8 

88933 

88953! 

88973' 

88992 

89012 

89032 

89052 

89072 

89091 

89111 

89131 

89151 

IS 

9 

89171 

89190' 

89210 

89230 

89250 

89269 

89289 

89309  1 89328 

89348 

89368 

89388 

16 

10 

4-t<9407 

89427 

89447 

89466 

89486 

89506 

89525 

89545  1  89564 

89584 

89604 

89623 

.19'  1 

U 

89643 

89662 

89682 

89702 

89721 

89741 

89760 

89780 1  89799 

89819 

89838 

89858 

4   1 

12 

89877 

89897 

89916 

89936 

89955 

89975 

89994 

90014 !  90033 

90053 

90072 

90091 

•   1 

13 

90U1 

90130 

90150  90169 

90188 

90208 

90227 

90247 

90266 

90285 

90305 

90324 

IS   1 

14 

90343 

90363 

90382  90401 

90421 

90440 

90459 

90478 

90498 

90517 

90536 

90555 

16   1 

15 

90575 

90594 

90613 

90632 

90652 

90671 

90690 

90709 

90728 

90748 

90767 

90786 

sl9   1 

16 

90805 

90824 

90843 

90863 

90882 

90901 

90920 

90939 

90958 

90977 

90996 

91015 

4 

17 

91034 

91054 

91073 

91092 

91111 

91130 

91149 

91168  91187 

91206 

91225 

91244 

8 

18 

91263  91282; 

91301 

91320 

91339 

91358 

91377 

91396191414 

91433 

91452 

91471 

11 

19 

91490  91509 

91528 

91547 

91566 

91585 

91603 

91622  91641 

91660 

91679 

91698 

IS 

20 

4-91716  91735 

91754 

91773 

91792 

91811 

91829 

91848 ,  91867 

91886 

91904 

91923 

.18   1 

21 

91942191961 

91979 

91998 

92017 

92035 

92054 

92073 

92092 

92110 

92129 

92148 

4   1 

22 

92166192185 

§2203 

92222 

92241 

92259 

92278 

92297 

92316 

92334 

92352 

92371 

S   1 

23 

92390  92408 

92427 

92445 

92464 

92483 

92501 

92519 

92538 

92556 

92575 

92593 

''   1 

24 

92612 

92630 

92649 

92667 

92686 

92704 

92723 

92741 

92760 

92778 

92796 

92815 

15   1 

25 

92833 

92851 

92870 

92888 

92907 

92925 

92944 

92962  92980 

92999 

93017 

93035 

•  18   1 

26 

93054  93072 

93090 

93109 

93127 

93145 

93164 

93182 

93200 

93218 

93237 

93255 

4 

27 

93273  93291 

93310 

93328 

93346 

93364 

93382 

93401 

93419 

93437 

93455 

93473 

7 

28 

93492 ;  93510 

93528 

93546 

93564 

93582 

93600 

93619 

93637 

93655 

93673 

93691 

11 

29 

93709 !  93727 

93745 

93763 

93781 

93809 

93817 

93836  93854 1 

93872 

93890 

93908 

14 

30. 

4*93926  93944 

93962 

93980 

93998 

94016 

94034 

94052 

94069 

94088 

94105 

94123 

•  18   1 

31 

94141 

94159 

94177 

94195 

94213 

94231 

94249 

94267 

94284 

94302 

94320 

94338 

4   1 

32 

94356 

94374 

94392 

94410 

94427 

94445 

94463 

94481 

94498 

94516 

94534 

94552 

7   1 

33 

94570 

94587 

94605 

94623 

94641 

94658 

94676 

94694 

94711 

94729 

94747 

94765 

'1    1 

34 

94782 

94800 

94818 

94835 

94853 

94871 

94888 

94906 

94924 

94941 

94959 

94976 

14    1 

35 

94994 

95012 

95029 

95047 

95065 

95082 

95100 

95117 

95135 

95153 

95170 

95188 

•  17   1 

3« 

95205 

95223 

95240 

95258 

95275 

95293 

95310 

95328 

95345 

95363 

95380 

95398 

s   1 

37 

95415 

95433 

95450 

95468 

95485 

95502 

95520 

95537 

95555 

95572 

95589 

95607 

7   1 

38 

95624 

95642 

95659 

95676 

95694 

95711 

95728 

95746 

95763 

95780 

95798 

95815 

10  1 

39 

95832 

95850 

95867 

95884 

95902 

95919 

95936 

95953 

95971 

95988 

96005 

96022 

15   1 

40 

4-96040 1 96057 

96074 

96091 

96109 

96126 

96143 

96160 

96177 

96195 

96212 

96220 

.17   1 

41 

96246  96263 

96280 

96297 

96315 

96332 

96349 

96366 

96383 

96400 

96417 

96434 

s   1 

42 

96451  96469 

96486 

96503 

96520 

96537 

96554 

96571 

96588 

96605 

96622 

96639 

7   1 

43 

96656 !  96673 

96690 

96707 

96724 

96741 

96758 

96775 

96792 

96809 

96826 

96843 

10   1 

44 

96860  96877 

96894 

96910 

96927 

96944 

96961 

96978 

96995 

97012 

97029 

97046 

14   1 

45 

97062  97079 

97096 

97113 

97130 

97147 

97163 

97180 

97197 

97214 

97231 

97247 

Jl7   1 

46 

97264 :  97281 

97298 

97315 

97331 

97348 

97365 

97382 

97398 

97415 

97432  97449 

6   1 

47 

97465  97482 

97499 

97515 

97532 

97549 

97565 

97582 

97599 

97615 

97632  97649 

7   1 

48 

97665 

97682 

97699 

97715 

97732 

97749 

97765 

97782 

97798 

97815 

97832 

97848 

10   1 

49 

97865  97881 

97898 

97914 

97931 ;  97947 

97964 

97981 

97997 

98014 

98030 

98047 

»»   1 

50 

4-98063 ,  98080 

98096 

98113 

98129  1 98145 

98162 

98178 

98195 

98211 

98228 

98244 

Tl6   1 

51 

98261  98277 

98293 

98310 

98328 

98343 

98359 

98375 

98392 

98408 

98425 

98441 

s   1 

52 

98457 ,  98474 

98490 

98506 

98523 

98539 

98555 

98572 

98588 

98604 

98620 

98637 

7   1 

53 

98653  98669 

98686 1  98702 

98718 

98734 

98751 

98767 

98783 

98799 

98816 

98832 

10   1 

54 

98848 1 98864 

98880 

98897 

98913 

98929 

98945 

98961 

98977 

98994 1 99010 

99026 

IS   1 

55 

99042  99058 

99074 

99090 

99107 

99123 ;  99139 

99155 

99171 

99187 

99203 

99219 

^16   1 

56 

99235  99251 

99267 

99284 

99300 

99316 :  99332 

99348 

99364 

99380 

99396 

99312 

s 

57 

99428  99444 

99460 

99476 

99492 

99508 

99524 

99540 

99556 

99572 

99587 

996031  9 

6 

58 

99619 1 99635 

99651 

99667 

99683 

99699 

99715 

99731 

99747 

99763 

99778 

99794 1  a 

110 

59 

99810  99826 

99842 

99858 

99873 1 99889 

99905 

99921 

99937 

99953 

99968 

99984 

h 

(^s 

• 

164                  TABLE  80. 

Log  Risings  or  Versed  Sines. 

aisiNo. 

6  Hoiin. 

/ 

tr 

y 

lO' 

ly 

20" 

25* 

30*' 

35*' 

40" 

45' 

50* 

55* 

Fia 
1^ 

0 

5-00000 

00016 

00032 

00047 

00063 

00079 

00095 

00110 

I  00126 

00142 

0015fl 

1  00173 

1 

00189 

00205 

00221 

00236 

00252 

00268 

00283 

00299 

00315 

00330 

00346 

»  00362 

2 

00377 

00393 

00409 

00424 

00440 

00456 

00471 

00487 

00502 

00518 

00534 

00549 

3 

00565 

00580 

00596 

00612 

00627 

00643 

00658 

00674 

00689 

00705 

00720  007361 

4 

00751 

00767 

00782 

00798 

00813 

00829 

00844 

00860 

00875 

00891 

00906  009221 

5 

00937 

00953 

00968 

00984 

00999 

01014 

01030 

01045 

01061 

01076 

01091 

01107 

6 

01122 

01138 

01153 

01168 

01184 

01199 

01214 

01230 

01245 

01260  01276 

01291 

7 

01306 

01322 

01337 

01352 

01368 

01383 

01398 

01413 

01429 

01444  01459 

01474 

8 

01490 

01505 

01520 

01536 

01551 

01566 

01581 

01596 

01612 

01627 

01642 

01657 

9 

01672 

01688 

01703 

01718 

01733 

01748 

01763 

01779 

01794 

01809 

01824 

01839 

10 

501854 

01869 

01884 

01900 

01915 

01930 

01945 

01960 

01975 

01990 

02005 

02020 

11 

02035 

02050 

02065 

02080 

02095 

02110 

02125 

02140 

02155 

02170 

02185 

02200 

12 

02215 

02230 

02245 

02260 

02275 

02290 

02305 

02320 

02335 

02350 

02365 

02380 

13 

02395 

02410 

02425 

02440  02455 

02469 

02484 

02499 

02514 

02529 

02544 

02559 

14 

02574 

02588 

02603 

02618  02633 

02648 

02663 

02677 

02692 

02707 

027221 027371 

15 

02751 

02766 

02781 

02796 

02811 

02825 

02840 

02855 

02870 

02884 

02899 

02914 

16 

02928 

02943 

02958 

02973 

02987 

03002 

03017 

03031 

03046 

03061 

03075 

03090 

17 

03105 

03119 

03134 

03149 

03163 

03178 

03193  1 03207 

03222 

03237 

03251 

03266 

18 

03280 

03295 

03310 

03324 

03339 

03353 

03368  1 03382 

03397 

03412 

03426 

03441 

19 

03455 

03470 

03484 

03499 

03513 

03528 

03542  03557 

03571 

03586 !  03600 

03615 

20 .503629 

03644 

03658 

03672 

03687 1  03701 

03716  03730 

03745 

03759 , 03774 

03788 

21 

03802 

03817 

03831 

03846 

03860 

03874 

03889  1 03903 

03918 

03932 

03946 

03961 

22 

03975 

03989  04004 

04018 

04032 

04047 

04061 1 04075 

04090 

04104 

04118 

04132 

23 

04147 

04161  04175 

04190 

04204 

04218 

04232  04247 

04261 

04275 

04289 

04303 

24 

04318 

04332 

04346 

04360 

04375 

04389 

04403 ;  04417 

04431 

04445 

04460 

04474 

25 

04488 

04502 

04516 

04530 

04545 

04559  04573  04587 

04601 

04615 

04629 

04643 

26 

04657 

04672 

04686 

04700 

04714 

04728  04742  04756 

04770 

04784 

04798 

04812 

27 

04826 

04840 

04854 

04868 

04882 

04896 

04910  04924 

04938 

04952 

04966 

04980 

28 

04994 

05008 

05022 

05036 

05050 

05064 

05078  05092 

05106 

05120 

05134 

05148 

29 
30 

05162 

05175 

05189 

05203 

05217  05231 

05245  05259 

05273 

05286 

05300 

05314 

505328 

05342 

05356 

05370 

05383  05397 

05411  05425 

05439 

05452 

05466 

05480 

31 

05494 

05508 

05521 

05535 

05549 

05563 

05577  05590 

05604 

05618 

05632 

05645 

32 

05659 

05673 

05686 

05700 

05714 

05728 

05741  05755 

05769 

05782 

05796 

05810 

33 

05823 

05837 

05851 

05864 

05878 

05892 

05905  05919 

05933 

05946 

05960 

05973  . 

34 

05987 

06001 

06014 

06028 

06041 

06055 

06069  06082  06096 

06109 

06123 

06136 

1  1  *  ■ 

35 

06150 

06163 

06177 

06101 

06204 

06218 

06231  06245  06258 

06272 

06285 

06299 

I  ^ 

36 

06312 

06326 

06339 

06353 

06366 

06379 

06393  06406  06420 

06433 

06447 

06460 

37 

06474 

06487 

06500 

06514 

06527 

06541 

06554  06567 

06581 

06594 

06608 

06621  : 

38 

06634 

06648 

06661 

06674 

06688 

06701 

06714  06728 

06741 

06754 

06768 

06781  , 

39 

06794 

06808 

06821 

06834 

06848 

06861 

06874  06887 

06901 

06914 

06927 

06941 

40  5-06954  | 

06967 

06980  06994 

07007 

07020 

07033  07046 

07060 

07073 

07086 

07099 

41 

07112 

07126 

07139  07152 

07165 

07178 

07192  07205 

07218 

07231 

07244 

07257 

42 

07270 

07284 

07297  07310 

07323 

07336 

07349  07362 

07375 

07388 

07401 

07415  ! 

43 

07428 

07441 

07454  07467 

07480 

07493 

07506  07519 

07532 

07545 

07558 

07571  ; 

44 

07584 

07597 

07610 '07623 

07636 

07649 

07662  07675 

07688 

07701 

07714 

07727  i 

45 

07740 

07753 

07766  07779 

07792 

07805 

07818 

07831 

07844 

07857 

07869 

07882 

46 

07895 

07908 

07921 

07934 

07947 

07960 

07973 

07985 

07998 

08011 

08024 

08037  ] 

47 

08050 

08063 

08075 

08088 

08101 

08114 

08127 

08140 

08152 

08165 

08178 

08191  : 

48 

08204 

08216 

08229 

08242 

08255 

08267 

08240 

08293 

08306 

08318 

08331 

08344  : 

49 

08357 

08369 

08382  08395 

08408 

08420 

08433 

08446 

08458 

08471 

08484 

08496  4 

50  5-08509  [ 

08522 

08534  08547 

08560 

08572 

08585 

08598 

08610 

08623 

08636 

08648  1 

51 

08661 

08673 

08686  08699 

08711 

08724 

08736 

08749 

08762 

08774 

08787 

08799  ] 
08950  S 

52 

08812 

08824 

08837  08850 

08862 

08875 

08887 

08900 

08912 

08925 

08937 

53 

08962 

08975 

08987  09000 

09012 

09025 

09037 

09050 

09062 

09075 

09087 

09100  ^ 

54 

09112 

09124 

09137  09149 

09162 

09174 

09187 

09199 

09211 

09224 

09236 

09249  i 

55 

09261 

09273 

09286  09298 

09311 

09323 

09335 

09348 

09360 

09372 

09385 

09397  1 

56 

09409 

09422 

09434  09446 

09459 

09471 

094  83 

09496 

09508 

09520 

09533 

09545  ] 

57 

09557 

09569 

09582  09594 

09606 

09618 

09631 

09643 

09655 

09667 

09680 

09692  i 

58 

09704 

09716 

09729  09741 

09753 

09765 

09777 

09790 

09802 

09814 

09826 

09831  2 

59 

09851 

• 

09863 

09875.09887 

09899 

09911 

09924 

09936 

09948 

09960 

09972 

09984  4 

TABLE  90.                   166   1 

Log  Bising^  or  Versed  Sines.                   1 

BisDre.                                1 

7  Hoon.                               1 

/ 

0^ 

5" 

10^ 

15" 

20" 

25' 

30* 

35' 

40-^ 

45-' 

50*' 

65* 

Pro.  1 
pts.   1 

0 

5.09996 

10008 

10021 

10033 

10045 

10057 

10069 

10081 

10093 

10105 

10117 

10129 

■  12  1 

1 

10141 

10153 

10166 

10178 

10190 

10202 

10214 

10226 

10238 

10260 

10262 

10274 

1 

s 

2 

10286 

10298 

10310 

10322 

10334 

10346 

10358 

10370 

10382 

10394 

10406 

10418 

2 

s 

3 

10430 

10441 

10454 

10465 

10477 

10489 

10501 

10513 

10525 

10537 

10549 

10561 

3 

7 

4 

10573 

10585 

10597 

10608 

10620 

10632 

10644 

10656 

10668 

10680 

10691 

10703 

4 

10 

5 

10715 

10727 

10739 

10751 

10763 

10774 

10786 

10798 

10810 

10822 

10833 

10845 

■  12   1 

6 

10857 

10869 

10881 

10893 

10904 

10916 

10928 

10940 

10951 

10963 

10975 

10986 

1[ 

9 

7 

10998 

11010 

11022 

11033 

11045 

11057 

11069 

11080 

11092 

11104 

11115 

11127 

2 

5 

8 

11139 

11150 

11162 

11174 

11185 

11197 

11209 

11220 

11232 

11244 

11255 

11267 

3 

7 

9 

11279 

11290 

11302 

11314 

11325 

11337 

11348 

11360 

11372 

11383 

11395 

11406 

4 

10 

10 

5.11418 

11429 

11441 

11453 

11464 

11476 

11487 

11499 

11510 1 11522 

11533 

11545 

1 

12 

11 

11557 

11568 

11580 

11591 

11603 

11614 

11626 

11637 

11649.11660 

11672 

11683 

1 

> 

12 

11695 

11706 

11717 

11729 

11740 

11752 

11763 

11775 

11786  11798 

11809 

11820 

2 

5 

13 

11832 

11843 

11855 

11866 

11878 

11889 

11900 

11912 

11923  11934 

11946 

11957 

3 

7 

14 

11969 

11980 

11991 

12003 

12014 

12025 

12037 

12048 

12059  12071 

t 

12082 

12093 

4 

9 

l& 

12105 

12116 

12127 

12139 

12150 

12161 

12173 

12184 

12195  12206 

12218 

12229 

; "  ■ 

16 

12240 

12251 

12263 

12274 

12285 

12296 

12308 

12319 

12330  12341 

12353 

12364 

1 

*   1 

17 

12375 

12386 

12397 

12409 

12420 

12431 

12442 

12453 

12465  12476 

12487 

12498 

2 

'.      1 

18 

12509 

12520 

12532 

12543 

12554 

12565 

12576 

12587 

12598  12610 

12621 

12632 

3 

'   1 

19 

12643 

12654 

12665 

12676 

12687 

12698 

12709 

12721 

12732  12743 

12754 

12765 

4 

J-l 

20 

5.12776 

12787 

12798 

12809 

12820 

12831 

12842  12853 

12864  12875 

12886 

12897 

f"   1 

21 

12908 

12919 

12930 

12941 

12952 

12963 

12974  12985 

12996  13007 

13018 

13029 

1 

'      1 

22 

13040 

13051 

13062 

13073 

13084 

13095 

13106 

13117 

13128  13139 

13149 

13160 

2 

*      1 

23 

13171 

13182 

13193 

13204 

13215 

13226 

13237 

13248 

13258  13269 

13280 

13291 

3 

»   1 

24 

13302 

13313 

13323 

13334 

13345 

13356 

13367 

13378 

13388  13399 

13410 

13421 

4 

.»   1 

25 

13432 

13442 

13453 

13464 

13475 

13486 

13496 

13507 

13518  13529 

13539 

13550 

■  11   1 

26 

13561 

13572 

13582 

13593 

13604 

13615 

13625  13636 

13647  13658 

13668 

13679 

1 

>   1 

27 

13690 

13700 

13711 

13722 

13732 

13743 

13754  13765 

13775  13786 

13797 

13807 

2 

*      1 

28 

13818  13828 

13839 

13850 

13860 

13871 

13882  13892 

13903  13914 

13924 

13935 

3 

1      1 

29 

13945  13956 

13967 

13977 

13988 

13998 

14009  14019 

14030  14041 

14051 

14062 

4 

•   1 

30 

5.14072  14083 

14093 

14104 

14114 

14125 

14136,14146 

14157  14167 

14178 

14188 

.11   1 

31 

14199  14209 

14220 

14230 

14241 

14251 

14262  14272 

14282  14293 

14303 

14314 

1 

*   1 

32 

14324 

14335 

14345 

14356 

14366 

14377 

14387  14397 

14408  14418 

14429 

14439 

2 

«   1 

33 

14449 

14460 

14470 

14481 

14491 

14501 

14512  14522 

14533  14543 

14553 

14564 

3 

'   1 

34 

14574 

14584 

H595 

14605 

14615 

14626 

14636 , 14646 

14657  14667 

14677 

14688 

4 

•   1 

35 

14698 

14708 

14719 

14729 

14739 

14750 

14760  14770 

14780  14790 

14801 

14811 

■  10  1 

36 

14821 

14832 

14842 

14852 

14862 

14872 

14883 ,  14893 

14903  14913 

14924 

14934 

1 

>   1 

37 

14944 

14954 

14964 

14975 

14985 

14995 

15005  15015 

15026  15036 

15046 

15056 

2 

4   1 

38 

15066 

15076 

15087 

15097 

15107 

15117 

15127  15137 

15147  15157 

15168 

15178 

3 

*   1 

39 

15188 

15198 

15208 

15218 

15228 

15238 

15248  15258 

16269  15279 

15289 

15299 

4 

•   1 

lo" 

5.15309 

15319 

15329 

15339 

15349 

15359 

15369  15379 

15389  15399 

15409 

15419 

•  10  1 

41 

15429 

15439 

15449 

15459 

15469 

15479 

15489  15499 

16509  15519 

15529 

15539 

I 

a  1 

42 

15549 

15559 

15569 

15579 

15589 

15599 

15609 '  15619 

15629 

15639 

15649 

16669 

2 

4  1 

43 

15668 

15678 

15688 

15698 

15708 

15718 

15728 ,  15738 

15748 

16758 

16767 

15777 

3 

•  1 

44 

15787 

15797 

15807 

15817 

15827 

15837 

15846  15856 

16866 

15876 

15886 

15896 

4 

•  1 

45 

15905 

15915 

15925 

15935 

15944 

15954 

15964 ' 15974 

16984 

16993 

16003 

16013 

•  10  1 

46 

16023 

16033 

16042 

16052 

16062 

16072 

16081  16091 

16101 

16111 

16120 

16130 

1 

t  1 

47 

16140 

16149 

16159 

16169 

16179 

16188 

16198 

16208 

16217 

16227 

16237 

16246 

2 

4   1 

48 

16256 

16266 

16276 

16285 

16295 

16304 

16314 

16324 

16333 

16343 

16863 

16362 

3 

«  1 

49 

16372 

16382 

16391 

16401 

16410 

16420 

16430  16439 

16449 

16469 

16468 

16478 

4 

•  1 

50 

5.16487 

16497 

16506 

16516 

16526 

16535 

16545  16564 

16664 

16673 

16583 

16692 

1  10  1 

51 

16602 

16612 

16621 

16631 

16640 

16650 

16659  16669 

16678 

16688 

16697 

16707 

1 

s  1 

52 

16716 

16726 

16735 

16745 

16754 

16764 

16773 !  16782 

16792 

16801 

16811 

16920 

2 

4   1 

53 

16830 

16839 

16849 

16858 

16867 

16877 

16886,16896 

16906 

16916 

16924 

16933 

8 

<   1 

54 

16943 

16952 

16961 

16971 

16980 

16990 

16099  17008 

17018 

17027 

17036 

17046 

4 

•   1 

55 

17055 

17065 

17074 

17083 

17093 

17102 

17111 

17121 

17130 

17139 

17148 

17168 

■  9  1 

56 

17167 

17176 

17186 

17195 

17204 

172U 

17223 

17232 

17241 

17261 

17260 

17269 

1 

t 

57 

17278 

17288 

17297 

17306 

17315 

17S25 

17334 

17543 

17862 

17362 

17371 

17380 

2 

4 

58 

17389 

17398 

17408 

17417 

17426 

17456 

17444 

17464 

17463 

17472 

17481 

17490 

8 

• 

59 

17499 

17509 

17518 

17527 

17536 

17646  176641 

17663 

17673 

17682 

17691 

17600 

4 

■ 

166  TABLE    SI. 

To  reduce  the  SWs  Declination  to  Noon  at  any  given  Heridiai^  and  to 

any  Time  at  the  Meridian  of  Greenwich. 


When  San'«  dec.  f  add  in  W.  Ion.  1   Add  for   1 1  When  Snn'i  dec  J  nib.mW  km ,  1   Sab.  Cor 

is  increuing.  \  sub  in  E.  Ion. 

J  Qfeenw.tune.  II 

Long 

Sun's  Dxclinatioic. 

1  Tibs 

0°   2"  !  4* 

6" 

8" 

'  9" 

10" 

11" 

12"  1  13" 

14"   15" 

"|fr.N6qll. 

o 

f         If  If    w 

»  // 

'  #  ■  w 

»  1* 

t     ft 

f     PI 

p  f  * 

»  »   rr  #   * 

f     ff  9     'J  h.  m.  1 

0 

0  0  0  0 

0  0 

0  0 

0  0 

0  0 

0  c 

)   0  0 

I  0  € 

1  0  Q 

1  0  C 

^  0  01  0   0 

3 

0  12  0  12 

0  12 

0  11 

0  11 

0  11 

0  11 

0  11 

0  10 

0  10 

1  0  s 

1  0  91  0  12  1 

6 

0  24 

0  24 

0  24 

0  23 

0  23 

0  22 

0  22 

0  21 

0  20 

0  20 

0  Ifl 

1  0  U 

1   0  24 

9 

0  35 

0  35 

0  35 

0  34 

0  34 

0  33 

0  32 

0  32 

0  31 

0  30 

0  28 

0  27 

^   0  36 

12 

0  47 

0  47 

0  47 

0  46 

0  45 

0  44 

0  43 

0  42 

0  41 

0  40 

0  38  jo  37 

0  48 

15 

0  59 

0  59 

0  58 

0  57 

0  56 

0  55 

0  54 

0  53 

0  51 

0  50 

0  48 

0  46 

1   0 

18 

1  11 

1  10 

1  10 

1  9 

1  7 

1  6 

1  5 

1  3 

1  1 

1  0 

0  68 

0  55   1  12 

21 

1  22 

1  22 

1  22 

1  21 

1  18 

I   17 

1  16 

1  14 

1  12 

1  8 

1  7 

1  5   1  24 

24 

1  34 

1  34 

1  33 

1  32 

1  29 

1  28 

1  27 

1  24 

1  22 

1  19 

1  17 

1  14   1  36 

27 

1  46 

1  45 

1  44 

1  43 

1  41 

1  39 

1  38 

1  35 

1  32 

1  29 

1  27 

1  23 

1  48 

30 

1  58 

1  57 

1  56 

1  54 

1  51 

1  49 

1  48 

1  45  1  43  1  39 

1  36 

1  32 

2   0 

33 

2  10 

2  10 

2  8 

2  6 

2  3 

2  1 

1  59 

1  55  1  53  1  49 

1  46  1  42 

2  12 

36 

2  22 

2  21 

2  19 

2  17 

2  14 

2  12 

2  10 

2  6 

2  3 

1  59 

1  56  1  51 

2  24 

39 

2  33 

2  32 

2  31 

2  29 

2  25 

2  23 

2  20 

2  16 

2  14 

2  9 

2  5  2  1 

2  36 

42 

2  45 

2  44 

2  43 

2  40 

2  36 

2  34 

2  31 

2  27 

2  24 

2  19 

2  15  2  10 

2  48 

45 

2  57 

2  56 

2  54 

2  51 

2  47 

2  44 

2  41 

2  38 

2  34 

2  29 

2  24  2  19 

3   0 

48 

3  9 

3  8 

3  6 

3  3 

2  59 

2  55 

2  52 

2  49 

2  44 

2  39 

2  34  2  28 

3  12 

51 

3  20 

3  19 

3  18 

3  15 

3  10 

3  6 

3  3 

3  0 

2  55 

2  49 

2  44  '  2  38 

3  24 

54 

3  32 

3  31 

3  30 

3  26 

3  21 

3  17 

3  14 

3  10 

3  5 

2  59 

2  53 

2  47 

3  36 

57 

3  43 

3  42 

3  41 

3  37 

3  32 

3  28 

3  25 

3  21 

3  15 

3  9 

3  3 

2  56 

3  48 

60 

3  55 

3  54 

3  52 

3  48 

3  43 

3  39 

3  35 

3  31 

3  25 

3  19  3  13 

3  5 

4   0 

63 

4  7 

4  6 

4  4 

4  0 

3  54 

3  50 

3  46 

3  42 

3  35 

3  29  3  22 

3  14 

4  12 

66 

4  19 

4  18 

4  16 

4  12 

4  5 

4  1 

3  57 

3  52 

3  46 

3  39 

3  32 

3  23 

4  24 

69 

4  31 

4  30 

4  27 

4  23 

4  16 

4  12 

4  8 

4  3 

3  56 

3  49 

3  42 

3  32 

4  36 

72 

4  43 

4  42 

4  39 

4  34 

4  27 

4  23 

4  19 

4  13 

4  6 

3  59 

3  51 

3  41 

4  48 

75 

4  54  4  53 

4  50 

4  45 

4  38 

4  34 

4  29 

4  23 

4  16 

4  9 

4  1 

3  51 

5   0 

78 

5  6  5  5 

5  2 

4  57 

4  50 

4  45 

4  40 

4  34 

4  27 

4  19 

4  11 

4  0 

5  12 

81 

5  18 

5  17 

5  14 

5  9 

5  1 

4  56 

4  51 

4  44 

4  37 

4  29 

4  20 

4  9 

5  24 

84 

5  30 

5  28 

5  26 

5  20 

5  12 

5  7 

5  2 

4  55 

4  47 

4  39 

4  30 

4  18 

5  36 

87 

5  41 

5  40 

5  37 

5  31 

5  23 

5  18 

5  13 

5  5 

4  58 

4  49 

4  40 

4  27 

5  48 

90 

5  53 

5  52 

5  48 

5  42 

5  34 

5  29 

5  23 

5  16 

5  8 

4  59 

4  49 

4  37 

6   0 

93 

6  5 

6  4 

6  0 

5  54 

5  46 

5  41 

5  34 

5  27 

5  18 

5  9 

4  59 

4  46 

6  12 

96 

6  17 

6  Id 

6  12 

6  6 

5  57 

5  52 

5  45 

5  37 

5  28 

5  19 

5  9 

4  55 

6  24 

99 

6  28 

6  27 

^  23 

6  17 

6  8 

6  3 

5  56 

5  48 

5  39 

5  29 

5  18 

5  5 

6  36 

102 

6  40 

6  39 

€  35 

6  28 

6  19 

6  14 

6  7 

5  58 

5  49 

5  39 

5  28 

5  14 

6  48 

105 

6  52 

6  51 

6  46 

6  39 

6  30 

6  24 

6  17 

6  9 

5  59 

5  49 

5  37 

5  23 

7   0 

108 

7  4 

7  2 

6  58 

6  51 

6  41 

6  35 

6  28 

6  19 

6  9 

5  59 

5  47 

5  32 

7  12 

111 

7  15 

7  14 

7  10 

7  3 

6  52 

6  46 

6  39 

6  30 

6  20 

6  9 

5  56 

5  42 

7  24 

114 

7  27 

7  26 

7  22 

7  15 

7  3 

6  57 

6  50 

6  40 

6  30 

6  19 

6  6 

5  51 

7  36 

117 

7  39 

7  37 

7  33 

7  26 

7  14 

7  8 

7  1 

6  51 

6  40 

6  29 

6  15 

6  1 

7  48 

120 

7  51 

7  49 

7  44 

7  37 

7  25 

7  18 

7  11 

7  1 

6  51 

6  39 

6  25 

6  10 

8   0 

123 

8  3 

8  1 

7  56 

7  49 

7  37 

7  29 

7  22 

7  12 

7  1 

6  49 

6  35  j  6  19 

8  12 

126 

8  14 

8  13 

8  8 

8  0 

7  48 

7  40 

7  33 

7  22 

7  11 

6  59 

6  44  6  28 

8  24 

129 

8  26 

8  24 

8  20 

8  11 

7  59 

7  51 

7  43 

7  33 

7  22 

7  9 

6^«4 

6  37 

8  36 

132 

8  38 

8  36 

8  31 

8  22 

8  10 

8  2 

7  54 

7  43 

7  32 

7  18 

7  4 

6  46 

8  48 

135 

8  50 

8  48 

8  42 

8  33 

8  21 

tf  13 

8  4 

7  54 

7  42 

7  28 

7  13 

6  56 

9   0 

138 

9  1 

8  59 

8  54 

8  45 

8  33 

8  24 

8  15 

8  5 

7  52 

7  38 

7  23 

7  5 

9  12 

141 

9  13 

9  11 

9  6 

8  57 

8  44 

8  35 

8  26 

8  15 

8  3 

7  48 

7  33 

7  14 

9  24 

144 

9  25 

9  23 

9  18 

9  8 

8  55 

8  46 

8  37 

8  26 

8  13 

7  58 

7  42 

7  23 

9  36 

147 

9  37 

9  35 

9  29 

9  19 

9  6 

8  57 

8  48 

8  36 

8  23 

8  8 

7  52 

7  32 

9  48 

150 

9  48 

9  45 

9  40 

9  30 

9  17 

9  8 

8  58 

8  47 

8  33 

8  18 

8  2 

7  42 

10   0 

153 

10  0 

9  57 

9  52 

9  42 

9  28 

9  19 

9  9 

8  57 

8  43 

8  28 

8  12 

7  51 

10  12 

156 

10  12 

10  9 

10  4 

9  54 

9  39 

9  30 

9  20 

9  8 

8  54 

8  38 

8  21 

8  0 

10  24 

159 

10  24 

10  21 

10  161 

10  5 

9  50 

9  41 

9  31 

9  18 

9  4 

8  48 

8  31 

8  10 

10  36 

162 

10  36 

10  33 

10  27 

10  16 

10  1 

9  52 

9  42 

9  29 

9  14 

8  58 

8  41 

8  19 

10  48 

165 

LO  47 

10  44 

10  38 

10  27 

10  12 

10  3 

9  52 

9  39 

9  24 

9  8 

8  50 

8  28 

11   0 

168 

10  59 

10  56 

10  50 

10  39 

10  24 

10  14 

10  3 

9  50 

9  35 

9  18 

9  0 

8  38 

11  12 

171 

11  11 

11  8 

11  2 

10  51 

10  35 

10  25 

10  14 

10  0 

9  45 

9  26 

9  10 

8  47 

11  24 

174 

11  23 

LI  20 

LI  14 

II  3 

10  46 

10  36 

10  25 

10  11 

9  55 

9  38 

9  19 

8  57 

11  36 

177 

LI  34 

11  31] 

11  25 

11  14 

10  57 

10  47 

10  36 

10  21 

10  6 

3  48 

9  29 

9  6 

11  48 

180 

11  46] 

11  43] 

11  37  11  251 

a  8  10  58ilO  46110  321 

10  16 

9  58 

9  38 

9  15 

12   0 

-,       ^    .  TABLE  31. 

for  reducing  the  Sun's  DecKnation  to  Noon  at  any  given  Meridian 


When  Son'sdec.  r  add  in  W.lon.  1      Add  for 


Time  at  the  Meridian  of  Greenwich. 


Lon. 


«uoon.«c.iaiwmw.lon.l      Add  for  When  Sim'gdcc.  f  rob  in  W  Ion  1 

»incre«ing.  Arob.in  E.  Ion,  loi^^w.time.  ||     i»  d^^Si^dSd'S  £.1^1 

Sum's  Dbclination#> 


167 

and  to  any 

Sub.  for 
Greenw.  time. 


16< 


0  0    00    ol 

3  0     90    8 

6  0  180  161 

9  0  27  0  24 

12  D  360  32 

16  0  44  0  41 

18  0  530  49 

21  1     20  57 


17' 


18' 


0 
0 
0 
0 
0 


00 

8  0 


0 
7 
16  0  14 


24 
31 


0  39  0  35 


24n  11 
27  1  20 
son  28 


33 
36 
39 
42 
45 
48 
51 
54 
57 


1  37 
1  46 
1  55 


1  5 
1  14 
1  23 


2  41  56 
2  122  5 
2  21  2  13 
2  302  21 
2  392  29 
2  48  2  38 


60f2  562  47 


63  3  5|2  55 
66  3  14  3  3 
69  3  233  11 
72  3  323  19 
75  3  403  28 
78  3  493  36 
81  3  583  44 
84  4  7  3  52 
87  4  164  1 
90  4  254  10 


lU 

117 
120 


123 
126 
129 
132 
135 
138 
141 
144 
147 
150 

153 
156 
159 
162 
165 
168 
171 
174 
177 


93  4  34  4  18 

96  4  43  4  26 

9914  524  34 

04  43 

105|5  84  52 

108  5  175  0 

111  5  265  8 

5  355  16 

5  445  25 

5  535  34 


6  366  15 
6  456  23 

6  54  6  31 

7  36  39 
7  126  48 
7  21|6  57 


7 
7 

7 
7 


14 
23 


1  31 
1  39 
I  47 


0  46 
0  54 


1 
1 
1 


2  0  56 


10 

18 


25  42 
115  50 

6  1915  58 


6  286  6  5  43 


30  7  5 
39  7  13 
48  7  21 
57  7  29 
5  7  38 


1  25 
1  33 
1  41 
1  49 

1  67 

2  4 
2  12 
2  20 


2  28  2  15 
2  36  2  23 


2  43 
2  51 

2  59 

3  7 
3  15 
3  22 
3  30 
3  38 
3  46 
3  54 


4 
4 
4 
4 
4 
4 
4 
4 
5 
5 


1 
9 
17 
25 
33 
40 
48 
56 
4 
12 


5  19 
5  27 
5  35 


5  51 

5  58 

6  6 
6  14 
6  22 
6  30 


6  37 
6  45 

6  53 

7  1 
7  9 


7  461  7  16 
7  54 


19' 


21 
28 


42 
49 


3 
11 


1  18 
1  25 
1  32 
1  39 
1  46 

1  53 

2  0 
2  7 


29 
36 
43 
50 
58 
5 
12 
19 
3  26 
3  34 


2 
2 
2 
3 
3 
3 


3  41 
3  48 

3  55 
4 
4 

4  16 
4  23 


9 


4  38 
4  46 


53  4  38 
^4  45 


4 
5 

5 
5 
5 
5 
5 
5 
5 
5  57 


19^*30' 


*f   f 


0  0 
0  7 
0  13 
0  20 
0  27 


0  34  0  32 


0  40 
0  47 

0  54 

1  1 
1  8 


1  14 
1  21 
1  28 
1  35 
1  42 
1  48 

1  55 

2  2 
2  9 
2  16 


2  22 
2  29 
2  36 
2  43 
2  50 

2  56 

3  3 
3  10 
3  17 
3  24 


3  30 
3  37 
3  44 
3  51 

3  58 

4  4 
4  11 


4  30  4  J8 


4  25 

4  32 


7 
14 
21 
28 
35 
42 
49 


6  4 
6  11 
6  18 
6  25 
6  32 
6  39 
6  46 


7  24 

32|8  3  7  32 16  53 
41|B  12  7  40  7 


4  52 


4 
5 
5 
5 
5 
5 
5 


59 
6 
12 
19 
26 
33 
40 


5  46 

5  53 

6  0 
6  7 
6  14 
6  20 
6  27 
6  34 
6  41 


1  10 
1  16 
1  22 
1  29 

36 
1  42 

48 

1  54 

2  1 
2  8 


20' 


20*^30' 


0 

6 

12 

18 

25 


1 


38 
44 

50 
57 

4 


2  14 
2  20 
2  26 
2  33 
2  40 
2  46 
2  52 

2  58 

3  5 
3  12 


3  18 
3  24 
3  30 
3  37 
3  44 
3  50 

3  56 

4  2 
4 
4  16 


22 
2b 


4 

4 

4 

4 

4 

4 

5 

5 

5  13 

5  20 


34 
41 
48 
54 
0 
6 


5  26 
5  32 
5  38 

5  45 

6  52 
5  58 
6 


6  17 


0 
0 
0 
0 
0 
0 
0 


0 
6 
11 
17 
23 
29 
35 
0  41 
0  47 
0  53 
0  59 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


4 

10 
16 
22 
28 
33 
39 
45 
52 
59 


2  4 
2  10 
2  16 
2  21 
2  27 
2  33 
2  39 
2  45 
2  52 
2  59 


3 
3 
3 
3 
3 
3 
3 
3 
3 


4 
9 
l5 
21 
27 
33 
39 
46 
52 


3  59 


4 

4 
4 

4 
4 
4 
4 
4 
4 
4 


4 
10 
16 
22 
28 
34 
40 
46 
52 
58 


5  3 
5  9 
5  15 
5  21 
5  26 
5  32 
ft  38 


6  10  ft  44 


ft  ftl 


21 


Ol 
5 
10 
15 
21 
27 
32 
38 
44 
50 
55 


0 
5 

1  10 
1  16 
22 
27 
32 
1  38 
1  44 
1  49 


54 

59 

4 

2  10 
2  16 
2  21 
2  26 
2  32 
2  38 
2  44 


2  49 
2  54 

2  59 

3  5 
3  11 
3  16 
3  21 
3  27 
3  33 
3  39f 


3  44 

3  49 
3  54 


3 

4 
4 
4 
4 
4 
4 


59 
5 
10 
15 
21 
27 
33 


4  38 
4 


4 
4 
ft 
ft 
ft 
ft 


43 

48 
54 


11 
17 


5  23 


21*30' 


0 
0 
0 
0 
0 
0 
0 


0 
5 
9 
14 
19 
24 
29 
0  34 
0  39 
0  44 
0  49 


0 
0 
1 
I 
1 
1 
1 
1 
1 
1 


53 
58 
3 
8 
13 
18 
23 
28. 
33 
39 


1  43 
1  48 
1  53 

1  58 

2  3 
2  8 
2  13 
2  18 
2  23 
2  28 


2  32 
2  37 
2  42 
2  47 
2  52 

2  57 

3  2 
3  7 
3  12 
3  17 


3  22 
3  27 
3  32 
3  37 
42 
47 
52 
57 
2 
7 


3 
3 
3 
3 
4 
4 


4 

4 
4 
4 
4 
4 
4 
4 
4 


11 
16 
21 
26 
31 
36 
41 
46 
ftl 


22' 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
4 

8 

12 
16 
21 
25 
29 
34 
39 
43 


0 
0 
0 
0 


47 
51 
55 
59 
4 
8 
12 
16 
21 
26 


30 
34 
38 
42 
47 
5^ 
55 
59 
2  41 
2  9 

2II 
2f7 
2  21 
2  25 
2  30 
2  34 
2  38 
2  43 
2  48 
2  53 


2  57 

3  1 
3  ft 
3  9 
3  13 
3  17 
3  21 
3  26 
3  30 
3  3ft 


_  1 


3 
3 
3 
3 
3 
4 
4 
4 
4 


39 

43 

47 

51 

56 

0 

4 

9 

14 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
3 
6 

10 
14 
18 
21 
24 
28 
32 
36 


0 
0 
0 
0 
0 
0 
1 
1 
1 
1 


39 

42 

46 

50 

54 

57 

0 

3 

7 

11 


1  14 


1 
1 
1 
1 
1 
1 
1 
1 


17 
21 
25 
29 
32 
35 
39 
43 


-I   47 


1  50 
1  53 

1  57 

2  1 
2  5 
2  9 
2  12 
2  16 
2  20 
2  23 


2  26 
2  29 
2  33 
2  36 
2  40 
2  43 
2  46 
2  50 
2  54 
2  ft8 


3  1 

3  4 
3  8 
3  12 
3  16 
8  19 
ft  22 
3  26 
3  SO 


23*1^' 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

2 

4 

7 

9 

12 

14 

17 

19 

22 

25 


0  27 
0  30 
0  32 
0  34 
0  36 
0  39 
6  4^ 
0  4i 
0  47 
0  49 


0  51 
0  54 


56 
59 
1 
4 
6 
9 
11 


0  0 
0  2 
0  4 
0  5 
0  7 
0  9 
0  10 
0  12 
0  14 
0  15 
0  17 


0 
0 
0 
0 
0 
0 
0 
0 


19 
20 
22 
24 
25 
27 
29 
30 
0  32 
0  34 


0  35 
0  37 
0  89 
0  40 
0  42 
0  44 
0  4ft 
0  47 
ft  49 
t^50 


la; 

24 
26 
29 
31 
34 
37 
39 


s 


0 
0 


41 
44 
46 
49 
51 
54 
ft6 
ft9 
1 
4 


6 
9 
2  11 
2  13 
2  1ft 
2  17 
2  20 
2  22 
2  2& 


ft2 

54 
0  55 
57 
59 
0 
2 
4 
5 
7 


9 
10 
12 
14 
15 
17 
19 
20 
22 
24 


2ft 
27 
29 
30 
32 
34 
3ft 
37 
39 


Time 


23*^28 '  frNoon 


0 
0 
0 
0 

d 

6 
0 
0 
9 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 

0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
12 
24 
36 
48 

0 
12 
24 
1  36 

1  48 

2  0 


2 
2 
2 
2 

3 
3 
3 
3 
3 
4 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


4 
4 
4 
4 
5 
5 
5 
5 
5 
6 


12 
24 
36 
48 

0 
12 
24 
36 
48 

0 


6  12 
6  24 
6  36 
6  48 
0 
12 
24 
36 
48 
0 


7 
7 
7 
7 
7 
8 


8  12 
8  24 
8  36 

8  48 

9  0 
9  12 
9  24 
9  36 
9  48 

10  0 


10  12 
10  24 
10  36 

10  48 

11  0 
11  12 
11  24 
11  36 
11  48 


168 


TABLE   32.— Natural  Sines. 


o« 


3* 


8"   I  9* 


0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


000000 
000291 
000582 
000873 
001164 
001454 
001745 
002036 
002327 
002618 
002909 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


003200 
003491 
003782 
004072 
004363 
004654 
004945 
005236 
005527 
005818 


017452 
017743 
018034 
018325 
018616 
018907 
019197 
019488 
019779 
020070 
020361 


006109 
006399 
006690 
006981 
007272 
007563 
007854 
008145 
008436 
008727 


020652 
020942 
021233 
021524 
021815 
022106 
022397 
022687 
022978 
023269 


034899 
035190 
035481 
035772 
036062 
036353 
036644 
036934 
037225 
037516 
037806 


038097 
038388 
038678 
038969 
039260 
039550 
039841 
040132 
040422 
040713 


052336 
052626 
052917 
053207 
053498 
053788 
054079 
054369 
054660 
054950 
055241 


069756 
070047 
070337 
070627 
070917 
071207 
071497 
071788 
072078 
072368 
072658 


055531 
055822 
056112 
056402 
056693 
056983 
057274 
057564 
057854 
058145 


072948 
073238 
073528 
073818 
074108 
074399 
074689 
074979 
075269 
075559 


087156 

087446 

087735 

088025 

088315 

088605 

088894 

089184 

089474 

089763 

090053 


090343 
090633 
090922 
091212 
091502 
091791 
092081 
092371 
092660 
092950 


104528 

104818 

105107 

105396 

105686 

105975 

106264 

106553 

106843 

107132 

107421 


107710 
107999 
108289 
108578 
108867 
109156 
109445 
109734 
110023 
110313 


121869 

122158 

122447 

122735 

123024 

123313 

123601 

123890 

124179 

124467 

124756 


139173 

139461. 

139749 

140037 

140325 

140613 

140901  , 

141189 

141477 

141765 

142053 


156434 

156722 

157009 

157296 

157584 
157871 
158158 
158445 
158732 
159020 
159307150 


125045 
125333 
125622 
125910 
126199 
126488 
126776 
127065 
127353 
127642 


023560 
023851 
024141 
024432 
024723 
025014 
025305 
025595 
025886 
026177 


041004 
041294 
041585 
041876 
042166 
042457 
042748 
043038 
043329 
043619 


058435 
058726 
059016 
059306 
059597 
059887 
060177 
060468 
C60758 
061049 


075849 

076139 

076429 

076719 

077009 

077299 

077589  I 

077879 

078169 

078459 


093239 
093529 
093819 
094108 
094398 
094687 
094977 
095267 
095556 
095846 


110602 
110891 
111180 
111469 
111758 
112047 
112336 
112625 
112914 
113203 


127930 
128219 
128507 
128796 
129084 
129373 
129661 
129949 
130238 
130526 


142341 
142629 
142917 
143205 
143493 
143780 
144068 
144356 
144644 
144932 


145220 
145507 
145795 
146083 
146371 
146659 
146946 
147234 
147522 
147809 


159594149 

159881148 

160168147 

160455146 

160743 1 45 

161030 1 44 

161317143 

161604142 

161891  |4I 

162178140 


162465139 
162752138 


163039 
163326 
163613 
163900 
164187 
164474 
164761 
165048 


37 
36 
35 

34 
33 
32 
31 
30 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


009017 
009308 
009599 
009890 
010181 
010472 
010763 
011054 
011344 
011635 


026468 
026759 
027049 
027340 
027631 
027922 
028212 
028503 
028794 
029085 


043910 
044201 
044491 
044782 
045072 
045362 
045654 
045944 
046235 
046525 


061339 
061629 
061920 
062210 
062500 
062791 
063081 
063371 
063661 
063952 


41 
42 
43 
44 
45 
46 
47 
48 
49 
bO 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


011926 
012217 
012508 
012799 
013090 
013380 
013671 
013962 
014253 
014544 


029375 
029666 
029957 
030248 
030539 
030829 
031120 
031411 
031702 
031992 


046816 
047106 
047397 
047688 
047978 
048269 
048559 
048850 
049140 
049431 


064242 
064532 
064823 
065113 
065403 
065693 
065984 
066274 
066564 
066854 


078749 
079039 
079329 
079619 
079909 
080199 
080489 
080779 
081069 
081359 


096135 
096425 
096714 
097004 
097293 
097583 
097872 
098162 
098451 
098741 


113492 
113781 
114070 
114359 
114648 
114937 
115226 
115515 
115804 
116093 


130815 
131103 
131391 
131680 
131968 
132256 
132545 
132833 
133121 
133410 


081649 
081939 
082228 
082518 
082808 
083098 
083388 
083678 
083968 
084258 


099030 
099320 
099609 
099899 
100188 
100477 
100767 
101056 
101346 
101635 


116382 
116671 
116960 
117249 
117537 
117826 
118115 
118404 
118693 
118982 


133698 
133986 
134274 
134563 
134851 
135139 
135427 
135716 
136004 
136292 


148097 
148358 
148672 
148960 
149248 
149535 
149823 
150111 
150398 
150686 


150973 
151261 
151548 
151836 
152123 
152411 
152698 
152986 
153273 
153561 


165334 
165621 
165908 
166195 
166482 
166769 
167056 
167342 
167629 
167916 


168203 
168489 
168776 
169063 
169350 
169636 
169923 
170209 
170496 
170783 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


19 
18 
17 
16 
15 
14 
IS 
12 
11 
10 


014835 
015126 
015416 
015707 
015998 
016289 
016580 
016871 
017162 
017452 


89* 


032283 
032574 
032864 
033155 
033446 
033737 
034027 
034318 
034609 
034899 

88'* 


049721 
050012 
050302 
050593 
050883 
051174 
051464 
051755 
052045 
052336 


067145 
067435 
067725 
068015 
068306 
068596 
068886 
069176 
069466 
069756 


084547 
084837 
085127 
085417 
085707 
085997 
086286 
086576 
086866 
087156 


101924 
102214 
102503 
102793 
103082 
103371 
103661 
103950 
104239 
104528 


87' 


86' 


85' 


84' 


119270 
119559 
119848 
120137 
120426 
120714 
121003 
121292 
121581 
121869 

83** 


136580 
136868 
137156 
137445 
137733 
138021 
138309 
138597 
138885 
139173 


153848 
154136 
154423 
154710 
154998 
155285 
155572 
155860 
156147 
156434 


171069 
171356 
171643 
171929 
172216 
172502 
172789 
173075 
173362 
173648 


9 
8 

6 
5 

4 
3 
2 
1 
0 


82' 


8r 


80' 


100-'/"* 


Nataral  Co-sines. 


485 


484 


484 


483 


483 


482 


481 


480 


478 


TABLE   32.— Natubai.  Sines. 


169 


ftl 

10** 

ji«   la** 

13° 

14° 

15° 

16° 

17° 

18° 

19° 

1" 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

173648 
173935 
174221 
171508 
174794 
175080 
175367 
175653 
175939 
176226 
176512 

190809 
191095 
191380 
191666 
191951 
192237 
192522 
192807 
193093 
193378 
193664 

207912 
208196 
208481 
208765 
209050 
209334 
209619 
209903 
210187 
210472 
210756 

224951 
225234 
225518 
225801 
226085 
226368 
226651 
226935 
227218 
227501 
227784 

241922 
242204 
242486 
242769 
243051 
243333 
243615 
243897 
244179 
244461 
244743 

258819 
259100 
259381 
259662 
259943 
260224 
260505 
260785 
261066 
261347 
261628 

275637 
275917 
276197 
276476 
276756 
277035 
277315 
277594 
277874 
278153 
278432 

292372 
292650 
292928 
293206 
293484 
293762 
294040 
294318 
294596 
294874 
295152 

309017 
309294 
309570 
309847 
310123 
310400 
310676 
310953 
311229 
311506 
311782 

325568 
325843 
326118 
326393 
326668 
326943 
327218 
327493 
327768 
328042 
328317 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

176798 
177085 
177371 
177657 
177944 
178230 
178516 
178802 
179088 
179375 

193949 
194234 
194520 
194805 
195090 
195376 
195661 
195946 
196231 
196517 

211040 
211325 
211609 
211893 
212178 
212462 
212746 
213030 
213315 
213599 

228068 
228351 
228634 
228917 
229200 
229484 
229767 
230050 
230333 
230616 

245025 
245307 
245589 
245871 
246153 
246435 
246717 
246999 
247281 
247563 

261908 
262189 
262470 
262751 
263031 
263312 
263592 
263873 
264154 
264434 

278712 
278991 
279270 
279550 
279829 
280108 
280388 
280667 
280946 
281225 

295430 
295708 
295986 
296264 
296542 
296819 
297097 
297375 
297653 
297930 

312059 
312335 
312611 
312888 
313164 
313440 
313716 
313992 
314269 
314545 

328592 
328867 
329141 
329416 
329691 
329965 
330240 
330514 
330789 
331063 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

179661 
179947 
180233 
180519 
180805 
181091 
181377 
181663 
181950 
182236 

196802 
197087 
197372 
197657 
197942 
198228 
198513 
198798 
199083 
199368 

213883 
214167 
214451 
214735 
215019 
215303 
215588 
215872 
216156 
216440 

230899 
231182 
231465 
231748 
232031 
232314 
232597 
232880 
233163 
233445 

247845 
248126 
248408 
248690 
248972 
249253 
249535 
249817 
250098 
250380 

264715 
264995 
265276 
265556 
265837 
266117 
266397 
266678 
266958 
267238 

281504 
281783 
282062 
282341 
282620 
282900 
283179 
283457 
283736 
284015 

298208 
298486 
298763 
299041 
299318 
299596 
299873 
300151 
300428 
300706 

314821 
315097 
315373 
315649 
315925 
316201 
316477 
316753 
317029 
317305 

331338 
331612 
331887 
332161 
332435 
332710 
332984 
333258 
338533 
333807 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

182522 
182808 
183094 
183379 
183665 
183951 
184237 
184523 
184809 
185095 

199653 
199938 
200223 
200508 
200793 
201078 
201363 
201648 
201933 
202218 

216724 
217008 
217292 
217575 
217859 
218143 
218427 
218711 
218995 
219279 

233728 
234011 
234294 
234577 
234859 
235142 
235425 
235708 
235990 
236273 

250662 
250943 
251225 
251506 
251788 
252069 
252351 
252632 
252914 
253195 

267519 
267799 
268079 
268359 
268640 
268920 
269200 
269480 
269760 
270040 

284294 
284573 
284852 
285131 
285410 
285688 
285967 
286246 
286525 
286803 

300983 
301261 
301538 
301815 
302093 
302370 
302647 
302924 
303202 
303479 

317580 
317856 
318132 
318408 
318684 
318959 
319235 
319511 
319786 
320062 

334081 
334355 
334629 
334903 
33»178 
335452 
335726 
336000 
336274 
336547 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

185381 
185667 
185952 
186238 
186524 
186810 
187096 
187381 
187667 
187953 

202502 
202787 
203072 
203357 
203642 
203927 
204211 
204496 
204781 
205065 

219562 
219846 
220130 
220414 
220697 
220981 
221265 
221548 
221832 
222116 

236556 
236838 
237121 
237403 
237686 
237968 
238251 
238533 
238816 
239098 

253477 
253758 
254039 
254321 
254602 
254883 
255165 
255446 
255727 
256008 

270320 
270600 
270880 
271160 
271440 
271720 
272000 
272280 
272560 
272840 

287082 
287361 
287639 
287918 
288196 
288475 
288753 
289032 
289310 
289589 

303756 
304033 
304310 
304587 
304864 
305141 
305418 
305695 
305972 
306249 

320337 
320613 
320889 
321164 
321439 
321715 
321990 
322266 
322541 
322816 

336821 
337095 
337369 
337643 
337917 
338190 
338464 
338738 
339012 
339285 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

188238 
188524 
188810 
189095 
189381 
189667 
189952 
190238 
190523 
190809 

205350 
205635 
205920 
206204 
206489 
206773 
207058 
207343 
207627 
207912 

222399 
222683 
222967 
223250 
223534 
223817 
224101 
224384 
224668 
224951 

239381 
239663 
239946 
240228 
240510 
240793 
241075 
241357 
241640 
241922 

256289 
256571 
256852 
257133 
257414 
257695 
257976 
258257 
258538 
258819 

273120 
273400 
273679 
273959 
274239 
274519 
274798 
275078 
275358 
275637 

289867 
290145 
290424 
290702 
290981 
291259 
291537 
291815 
292094 
292372 

306526 
306803 
307080 
307357 
307633 
307910 
308187 
308464 
308740 
309017 

323092 
323367 
323642 
323917 
324193 
324468 
324743 
325018 
325293 
325568 

339559 
339832 
340106 
340380 
340653 
340927 
341200 
341473 
341747 
342020 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

M 

79° 

78*^ 

77° 

76° 

75°  I  74° 

73° 

72°    71**    70° 

M 

Natural  Co-sines. 


Diff.to 
lOO 


■} 


477      475 


473 


471 


469 


467 


465 


462 


460 


457 


170 


TABLE  33.— Natural  Sines. 


M 

20* 

21* 

22* 

28* 

24* 

25* 

26*  1  27*  1  2»*    29* 

« 

0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

342020 
342293 
342567 
342840 
343113 
343387 
343660 
343933 
3*44206 
344479 
344752 

358368 
358640 
358911 
359183 
359454 
359725 
359997 
360268 
360540 
360811 
361082 

374607 
374876 
375146 
375416 
375685 
375955 
376224 
376494 
376763 
377033 
377302 

390731 
390999 
391267 
391534 
391802 
392070 
392337 
392605 
392872 
393140 
393407 

406737 
407002 
407268 
407534 
407799 
408065 
408330 
408596 
408861 
409127 
409392 

422618 
422882 
423145 
423409 
423673 
423936 
424199 
424463 
424726 
424990 
425253 

438371 
438633 
438894 
439155 
439417 
439678 
439939 
440200 
440462 
440723 
440984 

453990 
454250 
454509 
454768 
455027 
455286 
455545 
455804 
456063 
456322 
456580 

469472 
469728 
469985 
470242 
470499 
470755 
471012 
471268 
471525 
471782 
472038 

484810 
485064 
485318 
485573 
485827 
486081 
486335 
486590 
486844 
487098 
4873&2 

60 
59 

58 
57 
56 
55 
S4 
53 
52 
51 
50 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

345025 
345298 
345571 
345844 
346117 
346390 
346663 
346936 
347208 
347481 

361353 
361625 
361896 
362167 
362438 
362709 
362980 
363251 
363522 
363793 

377571 
377841 
378110 
378379 
378649 
378918 
379187 
379456 
379725 
379994 

393675 
393942 
394209 
394477 
394744 
395011 
395278 
395546 
395813 
396080 

409658 
409923 
410188 
410454 
410719 
410984 
411249 
411514 
411779 
412045 

425516 
425779 
426042 
426306 
426569 
426832 
427095 
427358 
427621 
427884 

441245 
441506 
441767 
442028 
442289 
442550 
442810 
443071 
443332 
443593 

456839 
457098 
457357 
457615 
457874 
458133 
458391 
458650 
458908 
459166 

472294 
472551 
472807 
473063 
473320 
473576 
473832 
474088 
474344 
474600 

487606 
487860 
488114 
488367 
488621 
488875 
489129 
489382 
489636 
489890 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

347754 
348027 
348299 
348572 
348845 
349117 
349390 
349662 
349935 
350207 

364064 
364335 
364606 
364877 
365148 
365418 
365689 
365960 
366231 
366501 

380263 
380532 
380801 
381070 
381339 
381608 
381877 
382146 
382415 
382683 

396347 
396614 
396881 
397148 
397415 
397682 
397949 
398215 
398482 
398749 

412310 
412575 
412840 
413104 
413369 
413634 
413899 
414164 
414429 
414693 

428147 
428410 
428672 
428935 
429198 
429461 
429723 
429986 
430249 
430511 

443853 
444114 
444375 
444635 
444896 
445156 
445417 
445677 
445937 
446M8 

459425 
459683 
459942 
460200 
460458 
460716 
460974 
461232 
461491 
461749 

474856 
475112 
475368 
475624 
475880 
476136 
476392 
476647 
476903 
477159 

490143 
490397 
490650 
490904 
491157 
491411 
491664 
491917 
492170 
492424 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

350480 
350752 
351025 
351297 
351569 
351842 
352114 
352386 
352658 
352931 

366772 
367042 
367313 
367584 
367854 
368125 
368395 
368665 
368936 
369206 

382952 
383221 
383490 
383758 
384027 
384295 
384564 
384832 
385101 
385369 

399016 
399283 
399549 
399816 
400082 
400349 
400616 
400882 
401149 
401415 

414958 
415223 
415487 
415752 
416016 
416281 
416545 
416810 
417074 
417338 

430774 
431036 
431299 
431561 
431823 
432086 
432348 
432610 
432873 
433135 

446458 
446718 
446979 
447239 
447499 
447759 
448019 
448279 
448539 
448799 

462007 
462265 
462523 
462780 
463038 
463296 
463554 
463812 
464069 
464327 

477414 
477670 
477925 
478181 
478436 
478692 
478947 
479203 
479458 
479713 

492677 
492930 
493183 
493436 
493689 
493942 
494195 
494448 
494700 
494953 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

41 
■  42 
43 
44 
45 
46 
47 
48 
49 
50 

353203 
353475 
353747 
354019 
354291 
354563 
354835 
355107 
355379 
355651 

369476  385638 
369747  i  385906 
370017  386174 
370287 , 386443 
370557  386711 
370828  386979 
371098  387247 
371368  387516 
371638  387784 
371908  388052 

401681 
401948 
402214 
402480 
402747 
403013 
403279 
403545 
403811 
404078 

404344 
404610 
404876 
405142 
405408 
405673 
405939 
406205 
406471 
406737 

417603 

417867 

418131 

418396 

418660 

418924 

419188' 

419452  1 

419716  ! 

419980 

433397 
433659 
433921 
434183 
434445 
434707 
434969 
435231 
435493 
435755 

449059 
449319 
449579 
449839 
450098 
450358 
450618 
450878 
451137 
451397 

464584 

464842 

465100 

465357  I 

465615 ; 

465872 

466129 

466387 

466644 

466901 

479966 
480223 
480479 
480734 
480989 
481244 
481499 
481754 
482009 
482263 

495206 
495459 
495711 
495964 
496217 
496469 
4967^ 
496974 
497226 
497479 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

355923 
356194 
356466 
356738 
357010 
357281 
357553 
357825 
358096 
358368 

372178  388320 
372448  388588 
372718  388856 
372988  389124 
373258  389392 
373528  389660 
373797  389928 
374067  390196 
374337  3Sf0463 
374607  396731 

420244 
420508 
420772 
421036 
421300 
421563 
421827 
422091 
422355 
422618 

436017 
436278 
436540 
436802 
437063 
437325 
437587 
437848 
438110 
438371 

451656 
451916 
452175 
452435 
452694 
452953 
453213 
453472 
453731 
453990 

467158 
467416 
467673 
467930 
468187 
468444 
468701 
468958 
469215 
469472 

482518 
482773 
483028 
483282 
483537 
483792 
484046 
484301 
484555 
484810 

497731 
497983 
498236 
498488 
498740 
498992 
499244 
499496 
499748 
500000 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

M 

69**  1  68*  1  67*    66°  |  65*    64* 

63'* 

62*"  1  61* 

60* 

M 

Natoral  Co-sixiefl. 


Dtf.to 
inn 


»}454  I  451  I  448  |  445  |  441  |  438  |  434  |  430  |  426  |  422  | 


TABLE  82.— Natubai  Sines,          171   1 

M 

30« 

3r 

32**  1  33**  1  34"    35"    36" 

s;** 

38"    39" 

Ji 

"o 

500000 

515038 

529919  544639 

559193  ,  573576  587785 

601815 

615661 

629320 

60 

1 

500252 

515287 

530166  544883 

559434  573815 

588021 

602047 

615891 

629546 

59 

2 

500504 

515537 

530413  545127 

559675  i  574053 

588256 

602280 

616120 

629772 

58 

3 

500756 

515786 

530659  545371 

559916  ,  574291 

588491 

602512 

616349 

629998 

57 

4 

501007 

516035 

530906  545615 

560157  '  574529 

588726 

602744 

616578 

630224 

56 

5 

501259 

516284 

531152  545858 

560398  574767 

588961 

602976 

616807 

630450 

55 

6 

501511 

516533 

531399  546102 

560639  !  575005 

589196 

603208 

617036 

630676 

54 

7 

501762 

516782 

531645  546346 

560880  ;  575243 

589431 

603440' 

617265 

630902 

53 

8 

502014 

517031 

531891  1  546589 

561121  575481 

589666 

603672 

617494 

631127 

52 

9 

502266 

517280 

532138  546833 

561361 

575719 

589901 

603904 

617722 

631353 

51 

10 

502517 

517529 

532384  547076 

561602  '  575957 

590136 

604136 

617951 

631578 

50 

11 

502769 

517778 

532630  547320 

561843  g  576195 

590371 

604367 

618180 

631804 

49 

12 

503020 

518027 

532876  547563 

562083  576432 

590606 

604599 

618408 

632029 

48 

13 

503271 

518276 

533122  547807 

562324  1  576670 

590840 

604831 

618637 

632255 

47 

14 

503523 

518525 

533368  548050 

1 

562564 

576908 

591075 

605062 

618865 

632480 

46 

15 

503774 

518773 

533615  548293 

562805 

577145 

591310 

605294 

619094 

632705 

45 

16 

504025 

519022 

533861 ! 548536 

563045 

577383 

591544 

605526 

619322 

632931 

44 

17 

504276 

519271 

534106  548780 

563286  ,  577620 

591779 

605757 

619551 

633156 

43 

18 

504528 

519519 

534352 

549023 

563526  ;  577858 

592013 

605988 

619779 

633381 

42 

19 

504779 

519768 

534598 

549266 

563766  578095 

592248 

606220 

620007 

633606 

41 

20 

505030 

520016 

534844 

549509 

564007  578332 

592482 

606451 

620235 

633831 

40 

21 

505281 

520265 

535090 

549752 

564247 

578570 

592716  606682 

610464 

634056 

39 

22 

505532 

520513 

535335 

549995 

564487 

578807 

592951  606914 

620692 

634281 

38 

23 

505783 

520761 

535581 

550238 

564727 

579044 

593185,607145 

620920 

634506 

37 

24 

506034 

521010 

535827 

550481 

564967 

579281 

593419 

607376 

621148 

634731 

36 

25 

506285 

521258 

536072 

550724 

565207 

579518 

593653 

607607 

621376 

634955 

35 

26 

506535 

521506 

536318 

550966 

565447 

579755 

593887 

607838 

621604 

635180 

34 

27 

506786 

521754 

536563 

551209 

565687 

579992 

594121 

608069 

621831 

635405 

33 

28 

507037 

522002 

536809 

551452 

565927 

580229 

594355  608300 

622059 

635629 

32 

29 

507288 

522251 

537054 

551694 

566166 

580466 

594589  608531 

622287 

635854 

31 

30 
'31 

507538 

522499 

537300 

551937 

566406 

580703 

594823  608761 

622515 

636078 

30 
29 

507789 

522747 

537545 

552180 

566646 

580940 

595057 ,  608992 

622742 

636303 

32 

508040 

522995 

537790 

552422 

566886 

581176 

595290  1  609223 

622970 

636527 

28 

33 

508290 

523242 

538035 

552664 

567125 

581413 

595524  ;  609454 

623197 

636751 

27 

34 

508541 

523490 

538281 

552907 

567365 

581650 

595758  609684 

623425 

636976 

26 

35 

508791 

523738 

538526 

553149 

567604 

581886 

595991 

609915 

623652 

637200 

25 

36 

509041 

523986 

538771 

553392 

567844 

582123 

596225 

610145 

623880 

637424 

24 

37 

509292 

524234 

539016 

553634 

568083 

582359 

596458 

610376 

624107 

637648 

23 

38 

509542 

524481 

539261 

553876 

568323 

582596 

596692 

610606 

624334 

637872 

22 

39 

509792 

524729 

539506 

554118 

568562 

582832 

596925 

610836 

624561 

638096 

21 

40 

510043 

524977 

539751 

554360 

568801 

583069 

597159 

611067 

624789 

638320 

20 
19 

41 

510293 

525224 

539996 

554602 

569040 

583305 

597392  6112971 

625016 

638544 

42 

510543 

525472 

540240 

554844 

569280 

583541 

597625 

611527 

625243 

638768 

18 

43 

510793 

525719 

540485 

555086 

569519 

583777 

597858 

611757 

625470 

638992 

17 

44 

511043 

525967 

540730 

555328 

569758 

584014 

598092  611987 

625697 

639215 

16 

45 

511293 

526214 

540974 

555570 

569997 

584250 

598325  612217 

625923 

639439 

15 

46 

511543 

526461 

541219 

555812 

570236 

584486 

598558  612447  626150 

639663 

14 

47 

511793 

526709 

541464 

556054 

570475 

584722 

598791  612677 ' 626377 

639886 

13 

48 

512043 

526956 

541708 

556296 

570714 

584958 

599024  612907 1 626604 

640110 

12 

49 

512293 

527206 

541955 

556537 

570952 

585194 

599256  613137  626830 

640333 

11 

50 
51 

512543 

527450 

542197 

556779 

571191 

585429 

599489  613367  627057 

640557 

10 

512792 

527697 

542442 

557021 

571430 

585665 

599722  613596  627284 

640780 

9 

52 

513042 

527944 

542686 

557262 

571669 

585901 

599955 

613826 ;  627510 

641003 

8 

53 

513292 

528191 

542930 

557504 

571907 

586137 

600188 

614056  627737. 

641226 

7 

54 

513541 

528438 

543174 

557745 

572146 

586372 

600420  614285  627963 

641450 

6 

55 

513791 

528685 

543419 

557987 

572384 

586608 

600653  614515  628189 

641673 

5 

56 

514040 

528932 

543663 

558228 

572623 

586844 

600885  614744  628416 

641896 

4 

57 

514290 

529179 

543907 

558469 

572861 

587079 

601118*614974  628642 

642119 

3 

58 

514539 

529426 

544151 

558710 

573100 

587314 

601350  !  615203  628868 

642342 

2 

59 

514789 

529673 

544395 

558952 

573338 

587550 

601583  '  615432  629094  642565 

1 

CO 

515038 

529919 

544639 

559193 

573576 

587785 

601815  i  615661  629320 1  642788 

0 

.J"J 

* 

58** 

57** 

56" 

55*^ 

54" 

53"    52'  1  51"  1  50" 

H 

Natural  Corsinci. 

^'^}418   413    409    404    399    394    390  1  385    380    374 

172 


TABLE    82.— Natvbal  Sinxs. 


0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


40' 


41* 


31 
32 
33 
34 
35 
36 
87 
38 
39 
40 


41 
42 
43 
44 

45 
46 
47 
48 
49 
50 


51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


642788 
643010 
643233 
643456 
643679 
643901 
644124 
644346 
644569 
644791 
645013 


645236 
645458 
645680 
645902 
646124 
646346 
646568 
646790 
647012 
647233 


647455 
647077 
647898 
648120 
648341 
648563 
648784 
649006 
649227 
649448 


656059 
656279 
656498 
656717 
656937 
657156 
657375 
657594 
657814 
658033 
658252 


658471 
658689 
658908 
659127 
659346 
659565 
659783 
660002 
660220 
660439 


42< 


669131 
669347 
669563 
669779 
669995 
670211 
670427 
670642 
670858 
671074 
671289 


43* 


681998 
682211 
682424 
682636 
682849 
683061 
683274 
683486 
683698 
683911 
684123 


660657 
660875 
661094 
661312 
661530 
661748 
661966 
662184 
662402 
662620 


649669 
649890 
650111 
650382 
650553 
650774 
650995 
651216 
651437 
651657 


651878 
652098 
652319 
652539 
652760 
652980 
653200 
653421 
653641 
653861 


654081 
654301 
654521 
654741 
654961 
655180 
655400 
655620 
655839 
656059 


662838 
663056 
663273 
663491 
663709 
663926 
664144 
664361 
664579 
664796 


671505 
671721 
671936 
672151 
672367 
672582 
672797 
673013 
673228 
673443 


673658 
673873 
674088 
674302 
674517 
674732 
674947 
675161 
675376 
675590 


665013 
665230 
665448 
665665 
665882 
666099 
666316 
666532 
666749 
666966 


675805 
676019 
676233 
676448 
676662 
676876 
677090 
677304 
677518 
677732 


684335 
684547 
684759 
684971 
685183 
685395 
685607 
685818 
686030 
686242 


686453 
686665 
686876 
687088 
687299 
687510 
687721 
687932 
688144 
688355 


44' 


694658 
694868 
695077 
695286 
695495 
695704 
695913 
696122 
696330 
696539 
696748 


696957 
697165 
697374 
697582 
697790 
697999 
698207 
698415 
698628 
698832 


677946 

678160 

678373 

678587 

678801 

679014 

679228 

679441 , 

679655  ; 

679868 


688566 
688776 
688987 
689198 
689409 
689620 
689830 
690041 
690251 
690462 

690672 
690882 
691093 
691303 
691513 
691723 
691933 
692143 
692353 
692563 


699040 
699248 
699455 
699663 
699E71 
700079 
700287 
700494 
700702 
700909 


45< 


707107 
707312 
707518 
707723 
707929 
708134 
708340 
708545 
708750 
708956 
709161 


709366 
709571 
709776 
709981 
710185 
710390 
710595 
710799 
711004 
711209 


711413 
711617 
711822 
712026 
712230 
712434 
712639 
712843 
713047 
713250 


46< 


719340 
719542 
719744 
719946 
720148 
720349 
720551 
720753 
720954 
721156 
721357 


721559 
721760 
721962 
722163 
722364 
722565 
722766 
722967 
723168 
723369 


723570 

723771 

723971 

724172 

724372 

•  724573 

j  724773 

, 724974 

I  725174 

725374 


47- 


731354 
731552 
731750 
731949 
732147 
732345 
732543 
732741 
732939 
733137 
733334 


733532 
733730 
733927 
734125 
734323 
734520 
734717 
734915 
735112 
735309 


701117 
701324 
701531 
701739 
701946 
702153 
702360 
702567 
702774 
702981 


713454 
713658 
713862 
714066 
714269 
714473 
714676 
714880 
715083 
715286 


725575 
725775 
725975 
726175 
726375 
726575 
726775 
726974 
727174 
727374 


735506 
735703 
735900 
736097 
736294 
736491 
736687 
736884 
737081 
737277 


49' 


667183 
667399 
667616 
667833 
668049 
668265 
668482 
668698 
668914 
669131 

48' 


680081  692773  705253 
680295  692983  705459 
680508  693192  705665 
680721 ' 693402  705872 
680934  693611  706078 
681147,693821  706284 
681360,694030  706489 
681573  694240  706695 
681786  694449  706901 
681998  694658 ' 707107 

47*  I  46^  I  45° 


703188 
703395 
703601 
703808 
704015 
704221 
704428 
704634 
704841 
705047 


715490 
715693 
715896 
716099 
716302 
716505 
716708 
716911 
717113 
717316 


727573 
727773 
727972 
728172 
728371 
728570 
728769 
728969 
729168 
729367 


737474 
737670 
737867 
738063 
738259 
738455 
738651 
738848 
739043 
739239 


48* 


743145 
743339 
743634 
743728 
743923 
744117 
744312 
744506 
744700 
744894 
745088 


49- 


745282 
745476 
745670 
745864 
746057 
746251 
746445 
746638 
746832 
747025 


747218 
747412 
747605 
747798 
747991 
748184 
748377 
748570 
748763 
748956 


754710 
754900 
755091 
755282 
755472 
755663 
755853 
756044 
756234 
75^25 
756615 


756805 
756995 
757185 
757375 
757565 
757755 
757945 
758134 
758324 
758514 


739435 
739631 
739827 
740023 
740218 
740414 
740609 
740805 
741000 
741195 


749148 
749341 
749534 
749726 
749919 
750111 
750303 
750496 
750688 
750880 


758703 
758893 
759082 
759271 
759461 
759650 
759839 
760028 
760217 
760406 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 


49 
48 
47 
46 
45 
44 
43 
42 
41 
40 


717519 
717721 
717924 
718126 
718329 
718531 
718733 
718936 
719138 
719340 


729566 
729765 
729963 
730162 
730361 
730560 
730758 
730957 
731155 
731354 


44< 


43< 


741391 
741586 
741781 
741976 
742171 
742366 
742561 
742755 
742950 
743145 


751072 
751264 
751456 
751648 
751840 
752032 
752223 
752415 
752606 
752798 


760595 
760784 
760972 
761161 
761350 
761538 
761727 
761915 
762104 
762292 


39 
38 
37 
36 
35 
34 
33 
32 
31 
30 


29 
28 
27 
26 
25 
24 
23 
22 
21 
20 


42« 


752989 
753181 
753372 
753563 
753755 
753946 
754137 
754328 
754519 
754710 


762480 
762668 
762856 
763044 
763232 
763420 
763608 
763796 
763984 
764171 


764359 
764547 
764734 
764921 
765109 
765296 
765483 
765670 
765857 
766044 


41< 


40* 


19 
18 
17 
16 
15 
14 
IS 
12 
11 
10^ 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Natural  Co-iioes. 


Diffto 
100" 


}^H 


363 


357 


352 


346        340 


334 


327 


321 


315 


TABLE  32.— Natural  Sinks.            173   1 

M 

50'  1  51" 

52'    53«  1 

54- 

55»  1  66» 

57» 

58» 

59«  1  M  1 

"o 

766044 

777146 

78801 1 

798636 

809017 

819152 

829038 

838671 

848048 

857167 

60 

I 

766231 

777329 

788190 

798811 

809188 

819319 

829200 

838829 

848202 

857317 

59 

2 

766418 

777512 

788369 

798985 

809359 

819486 

829363 

838987 

848356 

857467 

58 

3 

766605 

777695 

788548 

799160 

809530 

819652 

829525 

839146 

848510 

857616 

57 

4 

766792 

777878 

788727 

799335 

809700 

819819 

829688 

839304 

848664 

857766 

56 

5 

766979 

778060 

788905 

769510 

809871 

819985 

829850 

839462 

848818 

857915 

55 

6 

767165 

778243 

789084 

799685 

810042 

820152 

830012 

839620 

848972 

858065 

54 

7 

767352 

778426 

789263 

799859 

810212 

820318 

830174 

839778 

849125 

85821 1 

53 

8 

767538 

778608 

789441 

800034 

810383 

820485 

880337 

839936 

849279 

858364 

52 

9 

767725 

778791 

789620 

800208 

810553 

820651 

830499 

840094 

849433 

858513 

51 

10 

767911 

778973 

789798 

800383 

810723 

820817 

830661 

840251 

849586 

858662 

50 

U 

768097 

779156 

789977 

800557 

810894 

820983 

830823 

840409 

849739 

858811 

49 

12 

768284 

779338 

790155 

800731 

811064 

821149 

830984 

840567 

849893 

858960 

48 

13 

768470 

779520 

790333 

800906 

811234 

821315 

831146 

840724 

850046 

859109 

47 

14 

768656 

779702 

790511 

801080 

811404 

821481 

831308 

840882 

850199 

859258 

46 

15 

768842 

779884 

790690 

801254 

811574 

821647 

831470 

841039 

850352 

859406 

45 

16 

769028 

780067 

790868 

801428 

811744 

821813 

831631 

841196 

850505 

859555 

44 

17 

769214 

780249 

791046 

801602 

811914 

821978 

831793 

841354 

850658 

859704 

43 

18 

769400 

780430 

791224 

801776 

812084 

822144 

831954 

841511 

850811 

859852 

42 

19 

76958i) 

780612 

791401 

801949 

812253 

822310 

832115 

841668 

850964 

860001 

41 

20 

769771 

780794 

791579 

802123 

812423 

822475 

832277 

841825  851117 

860149 

40 

21 

769957 

780976 

791757 

802297 

812592 

822641 

832438 

841982 ;  851269 

860297 

39 

22 

770142 

781157 

791935 

802470 

812762 

822806 

832599 

842139 

851422 

860446 

38 

23 

770328 

781339 

792112 

802644 

812931 

822971 

832760 

842296 

851575 

860594 

37 

24 

770513 

781520 

792290 

802817 

813101 

823136 

832921 

842452 

851727 

860742 

36 

25 

770699 

781702 

792467 

802991 

813270 

823302 

833082 

842609 

851879 

860890 

35 

26 

770884 

781883 

792644 

803164 

813439 

823467 

833243 

842766 

852032 

861038 

34 

27 

771069 

782065 

792822 

803337 

813608 

823632 

833404 

842922 

852184 

861186 

33 

28 

771254 

782246 

792999 

803511 

813778 

823797 

833565 

843079 

852336 

861334 

32 

29 

771440 

782427 

793176 

803684 

813947 

823961 

833725 

843235 

852488 

861481 

31 

30 

771625 

782608 

793353 

803857 

814116 

824126 

833886 

843391 

852640 

861629 

30 

31 

771810 

782789 

793530 

804030 

814284 

824291 

834046 

843548 

852792 

861777 

29 

32 

771995 

782970 

793707 

804203 

814453 

824456 

834207 

843074 

852944 

861924 

28 

33 

772179 

783151 

793884 

804376 

814622 

824620 

834367 

843800 

853096 

862072 

27 

34 

772364 

783332 

794061 

804548 

814791 

824785 

834527 

844016 

853248 

862219 

26 

35 

772549 

783513 

794238 

804721 

814959 

824949 

834688 

844172 

853399 

862366 

25 

36 

772734 

783693 

794415 

804894 

815128 

825113 

834848 

844328 

853551 

862514 

24 

37 

772918  783874 

794591 

805066 

815296 

825278 

835008 

844484 

853702 

862661 

23 

38 

773103 :  784055 

794768 

805239 

815465 

825442 

835168 

844640 

853854 

862808 

22 

39 

773287 

784235 

794944 

805411 

815633 

825606 

835328 

844795 

854005 

862955 

21 

40 

773472!  784416 

795121 

805584 

815801 

825770 

835488 

844951 

854156 

863102 

20 

41 

773656  784596 

795297 

805756 

815969 

825934 

835648 

845106 

854308 

863249 

19 

42 

773840  784776 

795473 

805928 

816138 

826098 

835807 

845262 

854459 

863396 

18 

43 

774024 

784957 

795650 

806100 

816306 

826262 

835967 

845417 

854610 

863542 

17 

44 

774209 

785137 

795826 

806273 

816474 

826426 

836127 

845573 

854761 

863689 

16 

45 

774393 

785317 

796002 

806445 

816642 

826590 

836286 

845728 

854912 

863836 

15 

46 

774577 

785497 

796178 

806617 

816809 

826753 

836446 

845883 

855063 

863982 

14 

47 

774761 

785677 

796354 

806788 

816977 

826917 

836605 

846038 

855214 

864128 

13 

48 

774944 

785857 

796530 

806960 

817145 

827081 

836764 

846193 

855364 

864275 

12 

49 

775128 

786037  796706 

807132 

817313 

827244 

836924 

846348 

855515 

664421 

11 

50 

775312 

786217  796882 

807304 

817480 

827407 

837083 

846503 

855665 

864567 

10 

51 

775496 

786396 ,  797057 

807475 

817648 

827571 

837242 

846658 

855816 

864713 

9 

52 

775679 

786576  797233 

807647 

817815 

827734 

837401 

846813 

855966 

864860 

8 

53 

775863 

788756 

797408 

807818 

817982 

827897 

837560 

846967 

856117 

865006 

7 

54 

776046 

786935 

797584 

807990 

818150 

828060 

837719 

847122 

856267 

865151 

6 

55 

776230 

787114 ,  797759 

808161 

818317 

828223 

837878 

847277 

856417 

865297 

6 

56 

776413 

787294  797935 

808333 

818484 

828386 

838036 

847431 

856567 

865443 

4 

57 

776596 

787473  798110 

808504 

818651 

828549 

838195 

847585 

856718 

865589 

3 

58 

776780 

787652 

798285 

808675 

818818 

828712 

838354 

847740 

856868 

865734 

2 

59 

776963 

787832 

798460 

808846 

818985 

828875 

838512 

847894 

857017 

865880 

1 

60 

777146 

788011 

798636 

809017 

819152 

829038 

838671  848048 

857167 

866025 

0 

M 

39* 

38* 

37* 

36- 

35- 

34*    »• .  1  32»  1 

31» 

30» 

M 

Natanl  Co-sinei.                        1 

^^^^309  302  1  895    288  |  282    275    268    260    253    246 

J 

174 


TABLE    32.— Natckal  Sinks. 


M 

60** 

6r 

62* 

63* 

64* 

65* 

66« 

67- 

68- 

69* 

If 

0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 

866025 
866171 
866316 
866461 
866607 
866752 
866897 
867042 
867187 
867331 
867476 

874620 
874761 
874902 
875042 
875183 
875324 
875465 
875605 
875746 
875886 
876026 

882948 
863084 
883221 
883357 
883493 
883629 
883766 
883902 
884038 
884174 
884309 

891007 
891139 
891270 
891402 
891534 
891666 
891798 
891929 
89206; 
892192 
892323 

898794 
898922 
899049 
899176 
899304 
899431 
899558 
899685 
899812 
899939 
900065 

906308 
906431 
906554 
906676 
906799 
906922 
907044 
907166 
907289 
907411 
907533 

913545 
913664 
913782 
913900 
914018 
914136 
914254 
914372 
914490 
914607 
914725 

920505 
920618 
920732 
920846 
920959 
921072 
921185 
921299 
921412 
921525 
921638 

927184 
927295 
927402 
927510 
927619 
927728 
927836 
927945 
928053 
928161 
928270 

933580 
933685 
933789 
933893 
933997 
934101 
934204 
934308 
934412 
934515 
934619 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

867621 
867765 
867910 
868054 
868199 
868343 
868487 
868632 
868776 
868920 

876167 
876307 
876447 
876587 
876727 
876867 
877006 
877146 
877286 
877425 

884445 
884581 
884717 
884852 
884988 
885123 
885258 
886394 
885529 
885664 

892455 
892586 
892717 
892848 
892979 
893110 
893241 
893371 
R93502 
893633 

900192 
900319 
900445 
900572 
900698 
900825 
900951 
901077 
901203 
901329 

907655 
907777 
907899 
908021 
908143 
908265 
908387 
908508 
908630 
908751 

914842 
914960 
915077 
915194 
915311 
915429 
915546 
915663 
915779 
915896 

921750 
921863 
921976 
922088 
922201 
922313 
922426 
922538 
922650 
922762 

928378 
928486 
928594 
928702 
928810 
928917 
929025 
929133 
929240 
929348 

934722 
934826 
934929 
935032 
935135 
935238 
935341 
935444 
935547 
935650 

49 

48 
47 
46 
45 
44 
43 
42 
41 
40 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

869064 
869207 
869351 
869495 
869639 
869782 
869926 
870069 
870212 
870356 

877565 
877704 
877844 
877983 
878122 
878261 
878400 
878539 
878678 
878817 

885799 
885934 
886069 
886204 
886338 
886473 
886608 
886742 
886876 
887011 

893763 
893894 
894024 
894154 
894284 
894415 
894545 
894675 
894805 
894934 

901455 
901581 
901707 
901833 
901958 
902084 
902209 
902335 
902460 
902585 

908872 
908994 
909115 
909236 
909357 
909478 
909599 
909720 
909841 
909961 

916013 
916130 
916246 
916363 
916479 
916595 
916712 
916828 
916944 
917060 

922874 
922986 
923098 
923210 
923322 
923434 
923545 
923657 
923768 
923880 

929455 
929562 
929669 
929776 
929884 
929990 
930097 
930204 
930311 
930418 

935752 
935855 
935957 
935060 
936162 
936264 
936366 
936468 
936570 
936672 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

870499 
870642 
870785 
870928 
871071 
871214 
871357 
871499 
871642 
871784 

878956 
879095 
879233 
879372 
879510 
879649 
879787 
879925 
880063 
880201 

887145 
887279 
887413 
887548 
887681 
887815 
887949 
888083 
888217 
888350 

895064 
895194 
895323 
895453 
895582 
895712 
895841 
895970 
896099 
896229 

902710 
902836 
902961 
903086 
903210 
903335 
903460 
903585 
903709 
903834 

910082 
910202 
910323 
910443 
910563 
910684 
910804 
910924 
911044 
911164 

917176 
917292 
917408 
917523 
917639 
917755 
917870 
917986 
918101 
918216 

923991 
924102 
924213 
924324 
924435 
924546 
924657 
924768 
924878 
924989 

930524 
930631 
930737 
930843 
930950 
931056 
931162 
931268 
931374 
931480 

936774 
936876 
936977 
937079 
937181 
937282 
937383 
937485 
937586 
937687 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

871927 
872069 
872212 
872354 
872496 
872638 
872780 
872922 
873064 
873206 

880339 
880477 
880615 
880753 
880891 
881028 
881166 
881303 
881441 
881578 

888484 
888617 
888751 
888884 
889017 
889150 
889283 
889416 
889549 
889682 

896358 
896486 
896615 
896744 
896873 
897001 
897130 
897258 
897387 
897515 

903958 
904083 
904207 
904331 
904455 
904579 
904703 
904827 
904951 
905075 

911284 
911403 
911523 
911643 
911762 
911881 
912001 
912120 
912239 
912358 

918331 
918446 
918561 
918676 
918791 
918906 
919021 
919135 
919250 
919364 

925099 ,  931586 
925210  931691 
925320  931797 
925430  931902 
925541,932008 
925651*932113 
925761  932219 
925871  932324 
925980  932429 
926090  932534 

937788 
937889 
937990 
938091 
938191 
938292 
938393 
938493 
938593 
938694 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

51 
52 
53 
54 
55 
56 
57 
58 
59 
JSO 

873347 
873489 
873631 
873772 
873914 
874055 
874196 
874338 
874479 
874620 

881716 
881853 
881990 
882127 
882264 
882401 
882538 
882674 
882811 
882948 

889815 
889948 
890080 
890213 
890345 
890478 
890610 
890742 
890874 
891007 

897643 
897771 
897900 
898028 
898156 
898283 
898411 
898539 
898666 
898794 

905198 
905322 
905445 
905569 
905692 
905815 
905939 
906062 
906185 
906308 

912477 
912596 
912715 
912834 
912953 
913072 
913190 
913309 
913427 
913545 

919479 
919593 
919707 
919821 
919936 
920050 
920164 
920277 
920391 
920505 

926200  932639 
926310  932744 
926419  932849 
926529  932954 
926638  933058 
926747  933163 
926857  933267 
926966  933372 
927075  933476 
927184  933580 

938794 
938894 
938994 
939094 
939194 
939294 
939394 
939493 
939593 
939693 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

M 

29** 

28** 

27'  I  26«»    25«» 

24'  1  23** 

22*  1  21* 

20* 

H 

Natiml  Co>siiM8. 


"^^'^IH 


231 


224 


216 


209 


201 


j     193     (     185    I    178     I     170     | 


TABLE  32.— Natubal  Sines. 


175 


M 

70* 

7V 

72« 

73°    74° 

75° 

76° 

77° 

78° 

79° 

M 

0 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 

939693 
939792 
939891 
939991 
940090 
940189 
940288 
940387 
940486 
940585 
940684 

945519 
945613 
945708 
945802 
945897 
945991 
946085 
946180 
946274 
946368 
946462 

951057 
951146 
951236 
951326 
951415 
951505 
951594 
951684 
951773 
951862 
951951 

956305 
956390 
956475 
956560 
956644 
956729 
956814 
956898 
956983 
957067 
957151 

961262 
961342 
961422 
961502 
961582 
961662 
961741 
961821 
961901 
961980 
962059 

965926 
966001 
966076 
966151 
966226 
966301 
966376 
966451 
966526 
966600 
966675 

970296 
979366 
970436 
970506 
970577 
970647 
970716 
970786 
970856 
970926 
970995 

974370 
974435 
974501 
974566 
974631 
974696 
974761 
974826 
974891 
974956 
975020 

978148 
978208 
978268 
978329 
978389 
978449 
978509 
978569 
978629 
978689 
978748 

981627 
981683 
981738 
981793 
981849 
981904 
981959 
982014 
982069 
982123 
982178 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

U 
12 
13 
14 
15 
16 
17 
18 
19 
20 

940782 
940881 
940979 
941078 
941176 
941274 
941372 
941471 
941569 
941666 

946555 
946649 
946743 
946837 
946930 
947024 
947117 
947210 
947304 
947397 

952040 
952129 
952218 
952307 
952396 
952484 
952573 
952661 
952750 
952838 

957235 
957319 
957404 
957487 
957571 
957655 
957739 
957822 
957906 
957990 

962139 
962218 
962297 
962376 
962455 
962534 
962613 
962692 
962770 
962849 

966749 
966823 
966898 
966972 
967046 
967120 
967194 
967268 
967342 
967415 

971065 
97U31 
971204 
971273 
971342 
971411 
971480 
971549 
971618 
971687 

975085 
975149 
975214 
975278 
975342 
975406 
975471 
975535 
975598 
975662 

978808 
978867 
978927 
978986 
979045 
979105 
979164 
979223 
979282 
979341 

982233 
982287 
982342 
982396 
982450 
982505 
982559 
982613 
982667 
982721 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

941764 
941862 
941960 
942057 
942155 
942252 
942350 
942447 
942544 
942641 

947490 
947583 
947676 
947768 
947861 
947954 
948046 
948139 
948231 
' 948324 

952926 
953015 
953103 
953191 
953279 
953366 
953454 
953542 
953629 
953717 

958073 
958156 
958239 
958323 
958406 
958489 
958572 
958654 
958737 
958820 

962928 
963006 
963084 
963163 
963241 
963319 
963397 
963475 
963553 
963630 

967489 
967562 
967636 
967709 
967782 
967856 
967929 
968002 
968075 
968148 

971755 
971824 
971893 
971961 
972030 
972098 
972166 
972234 
972302 
972370 

975726 
975790 
975853 
975917 
975980 
976044 
976107 
976170 
976233 
976296 

979399 
979458 
979517 
979575 
979634 
979692 
979750 
979809 
979867 
979925 

982774 
982828 
982882 
982935 
982989 
983042 
983096 
983149 
983202 
983255 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

942739 
942836 
942932 
943029 
943126 
943223 
943319 
943416 
943512 
943609 

948416 
948508 
948600 
948692 
948784 
948876 
948968 
949059 
949151 
949243 

953804 
953892 
953979 
954066 
954153 
954240 
954327 
954414 
954501 
954588 

958902 
958985 
959067 
959150 
959232 
959314 
959396 
959478 
959560 
959642 

963708 
963786 
963863 
963941 
964018 
964095 
964173 
964250 
964327 
964403 

968220 
968293 
968366 
968438 
968511 
968583 
968656 
968728 
968800 
968872 

972438 
972506 
972573 
972641 
972708 
972776 
972843 
972911 
972978 
973045 

976359 
976422 
976485 
976547 
976610 
976672 
976735 
976797 
976859 
976921 

979983 
980041 
980098 
980156 
980214 
980271 
980329 
980386 
980443 
980500 

983308 
983361 
983414 
983466 
983519 
983571 
983624 
983676 
983729 
983781 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

943705 
943801 
943897 
943993 
944089 
944185 
944281 
944376 
944472 
944568 

949334 
949425 
949517 
949608 
949699 
949790 
949881 
949972 
950063 
950154 

954674 
954761 
954847 
954934 
955020 
955106 
955192 
955278 
955364 
955450 

959724 
959805 
959887 
959968 
960050 
960131 
960212 
960294 
960375 
960456 

964481 
964557 
964634 
964711 
964787 
964864 
964940 
965016 
965093 
965169 

968944 
969016 
969088 
969159 
969231 
969302 
969374 
969445 
969517 
969588 

973112 
973179 
973246 
973313 
973379 
973446 
973512 
973579 
973645 
973712 

976984 
977046 
977108 
977169 
977231 
977293 
977354 
977416 
977477 
977539 

980558  983833 
980615  983885 
980672  983937 
980728  983989 
980785  984041 
980842  984092 
980899  984144 
980955  ;  984196 
981012 ,  984247 
981068  .  984298 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

944663 
944758 
944854 
944949 
945044 
945139 
945234 
945329 
945424 
945519 

950244 
950335 
950425 
950516 
950606 
950696 
950786 
950877 
950967 
951057 

955536 
955622 
955707 
955793 
955879 
955964 
956049 
956134 
956220 
956309 

960537 
960618 
960698 
960779 
960860 
960940 
961021 
961101 
961181 
961262 

965245 
965321 
965397 
965473 
965548 
965624 
965700 
965775 
965850 
965926 

969659 
969730 
969801 
969872 
969943 
970014 
970064 
970155 
970225 
970296 

973778 
973844 
973910 
973976 
974042 
974108 
974173 
974239 
974305 
974370 

977600 
977661 
977722 
977783 
977844 
977905 
977966 
978026 
978087 
978148 

981124 
981181 
981237 
981293 
981349 
981405 
981460 
981516 
981572 
981627 

984350 
984401 
984452 
984503 
984554 
984605 
984656 
984707 
984757 
984808 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

M 

19**  )  18°  1 

17° 

16° 

15° 

14°  1  13°  1  12° 

11-  1  10° 

'wT 

Td|!  ^'"l 


154   146 


138 


Natonl 


130 


121 


113 


105 


97 


88 


176 


TABLE  32. — ^Natttbal  Sinks. 


M 

80** 

81" 

82" 

83" 

84"    85" 

86" 

87" 

88"  1  89"  J  ■ 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

984808 
984858 
984909 
984959 
985009 
985059 
985109 
985159 
985209 
985259 
985309 

987688 
987734 
987779 
987824 
987870 
987915 
987960 
988005 
988050 
988094 
988139 

990268 
990309 
990349 
990389 
990429 
990469 
990509 
990549 
990589 
990629 
990669 

992546 
992582 
992617 
992652 
992687 
992722 
992757 
992792 
992827 
992862 
992896 

994522 
994552 
994583 
994613 
994643 
994673 
994703 
994733 
994762 
994792 
994822 

996195 
996220 
996245 
996270 
996295 
996320 
996345 
996370 
996395 
996419 
996444 

997564 
997584 
997604 
997625 
997645 
997664 
997684 
997704 
997724 
997743 
997763 

998630 
998645 
998660 
998675 
998690 
998705 
998719 
998734 
998749 
998763 
998778 

9993n 
999401 
999411 
999421 
999431 
999441 
999450 
999460 
999469 
999479 
999488 

999848 
999853 
999858 
999863 
999867 
999872 
999877 
999881 
999886 
999890 
999894 

60 
59 
58 

57 
56 
55 
54 
53 
52 
51 
50 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

985358 
985408 
985457 
985507 
985556 
985605 
985654 
985703 
985752 
985801 

988184 
988228 
988273 
988317 
988362 
988406 
988450 
988494 
988538 
988582 

990708 
990748 
990787 
990827 
990866 
990905 
990944 
990983 
991022 
991061 

992931 
992966 
993000 
993034 
993068 
993103 
993137 
993171 
993205 
993238 

994851 
994881 
994910 
994939 
994969 
994998 
995027 
995056 
995084 
995113 

996468 
996493 
996517 
996541 
996566 
996589 
996614 
996637 
996661 
996685 

997782 
997801 
997821 
997840 
997859 
997878 
997897 
997916 
997934 
997953 

998792 
998806 
998820 
998834 
998848 
998862 
998876 
998890 
998904 
998917 

999497 
999507 
999516 
999525 
999534 
999542 
999551 
999560 
999568 
999577 

999898 
999903 
999907 
999910 
999914 
999918 
999922 
999925 
999929 
999932 

49 
48 
47 
46 
45 
44 
43 
48 
41 
40 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

985850 
985899 
985947 
985996 
986045 
986093 
986141 
986189 
986238 
986286 

988626 
988669 
988713 
988756 
988800 
988843 
988886 
988930 
988973 
989016 

991100 
991138 
991177 
991216 
991254 
991292 
991331 
991369 
991407 
991445 

993272 
993306 
993339 
993373 
993406 
993439 
993473 
993506 
993539 
993572 

995142 
995170 
995199 
995227 
995256 
995284 
995312 
995340 
995368 
995396 

996709 
996732 
996756 
996779 
996802 
996825 
996848 
996872 
996894 
996917 

997972 
997990 
998008 
998027 
998045 
998063 
998081 
998099 
998117 
998135 

998931 
998944 
998957 
998971 
998984 
998997 
999010 
999023 
999035 
999048 

999585 
999594 
999602 
999610 
999618 
999626 
999634 
999642 
999650 
999657 

999936 
999939 
999942 
999945 
999948 
999951 
999954 
999957 
999959 
999962 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

986334 
986381 
986429 
986477 
986525 
986572 
986620 
986667 
986714 
986762 

989059 
989102 
989145 
989187 
989230 
989272 
989315 
989357 
989399 
989442 

991483 
991521 
991558 
991596 
991634 
991671 
991709 
991746 
991783 
991820 

993605 
993638 
993670 
993703 
993735 
993768 
993800 
993833 
993865 
993897 

995424 
995452 
995479 
995507 
995535 
995562 
995589 
995617 
995644 
995671 

996940 
996963 
996985 
997008 
997030 
997053 
997075 
997097 
997119 
997141 

998153 
998170 
998188 
998205 
998223 
998240 
998257 
998274 
998291 
998308 

999061 
999073 
999086 
999098 
999111 
999123 
999135 
999147 
999159 
999171 

999665 
999672 
999680 
999687 
999694 
999701 
999709 
999716 
999722 
999729 

999964 
999967 
999969 
999971 
999974 
999976 
999978 
999980 
999981 
999983 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

986809 
086856 
986903 
986950 
986996 
987043 
987090 
987136 
987183 
987229 

989484 
989526 
989568 
989610 
989651 
989693 
989735 
989776 
989818 
989859 

991857 
991894 
991931 
991968 
992005 
992042 
992078 
992115 
992151 
992187 

993929 
993961 
993993 
994025 
994056 
994088 
994120 
994151 
994182 
994214 

995698 
995725 
995752 
995778 
995805 
995832 
995858 
995884 
995911 
995937 

997163 
997185 
997207 
997229 
997250 
997272 
997293 
997314 
997336 
997357 

998325 
998342 
998359 
998375 
998392 
998408 
998425 
998441 
998457 
998473 

999183 
999194 
999206 
999218 
999229 
999240 
999252 
999263 
999274 
999285 

999736 
999743 
999749 
999756 
999762 
999768 
999775 
999781 
999787 
999793 

999985 
999986 
999988 
999989 
999990 
999992 
999993 
999994 
999995 
999996 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

987275 
987322 
987368 
987414 
987460 
987506 
987551 
987597 
987643 
987688 

989900 
989942 
989983 
990024 
990065 
990105 
990146 
990187 
990228 
990268 

992224 
992260 
992296 
992332 
992368 
992404 
992439 
992475 
992511 
992546 

994245 
994276 
994307 
994338 
994369 
994400 
994430 
994461 
r994491 
[994522 

995963 
995989 
996015 
996041 
996067 
996093 
996118 
996144 
996169 
996195 

997378 
997399 
997420 
997441 
997462 
997482 
997503 
997523 
997544 
997564 

998489 
998505 
998521 
998537 
998552 
998568 
998583 
998599 
998614 
998630 

999296 
999307 
999318 
999328 
999339 
999350 
999360 
999370 
999381 
999391 

999799 
999804 
999810 
999816 
999821 
999827 
999832 
999837 
999843 
999848 

999997 

999997 

999998 

999998 

999999 

999999 

1000000 

1000000 

1000000 

1000000 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

M 

9**  1   8** 

yo       go 

5" 

4"  1   3" 

2" 

1" 

0" 

K 

Natural  Co-ainei. 


TAELE  33. 
Logarithms  of  Apparent  Time  or  Horary  Angle. 


177 


0  Hour. 


M 

Of 

5b 

10s 

158 

20t 

25i 

30s 

358 

408 

45b 

50i 

55s 

Pro. 

pt». 

0 

167757 
5.27963 

51921 

12127 

47345 

72333 

91715 

07551 

20941 

32539 

42770 

51921 

60200 

1 

74710 

81147 

87139 

92745 

98011 

02976 

07672 

12127 

16365 

20406 

24267 

2 

31509 

34916 

38194 

41352 

44400 

46345 

50193 

52951 

55623 

58216 

60734 

3 

.63181 
^88168 

65561 

67877 

70133 

72332 

74477 

76570 

78614 

S0611 

82563 

84472 

86340 

4 

89959 

91714 

93434 

95121 

96775 

98399 

99992 

01557 

03095 

04605 

06090 

5 

6*07550 

08985 

10398 

11787 

13155 

14502 

15828 

17134 

18421 

19689 

20938 

22170 

6 

23385 

24583 

25765 

26931 

28081 

29217 

30337 

31444 

32536 

33615 

34681 

35734 

7 

36774 

37802 

38817 

39821 

40814 

41795 

42766 

43726 

44675 

45614 

46543 

47462 

8 

48372 

49271 

50162 

51044 

5191^ 

52780 

53636 

54484 

55323 

56154 

56977 

57792 

> 

9 

58600 

59401 

60194 

60980 

61759 

62531 

63296 
71988 

64054 

64806 

65552 

66291 

67024 

10 

6-67751 

68471 

69186 

69895 

70598 

71296 

72674 

73355 

74031 

74702 

75367 

8 

11 

76028 

76683 

77334 

77979 

78620 

79256 

79888 

80515 

81137 

81756 

82369 

82979 

1 

119 

12 

83584 

84185 

84782 

85374 

85963 

8654S 

87129 

87706 

88279 

88848 

89414 

89976 

2 

SS8 

13 

^90535 
"•96970 

91089 

91641 

92189 

^92733 

93274 

93812 

94346 

94877 

95405 

95930 

96451 

3 

358 

14 

97485 

97997 

98506 

99013 

99516 

00017 

00514 

01009 

01501 

01990 

02476 

4 

47« 

16 

702960 

03441 

03920 

04395 

04869 

05339 

05807 

06273 

06736 

07196 

07655 

08110 

s 

16 

08564 

09015 

09464 

09910 

10354 

10796 

11236 

11673 

12108 

12541 

12972 

13401 

1 

84 

17 

13827 

14252 

14674 

15095 

15513 

15930 

16344 

16756 

17167 

17575 

17982 

18387 

2 

168 

18 

18790 

19191 

19590 

19987 

20383 

20776 

21168 

21558 

21947 

22333 

22719 

23102 

3 

35S 

19 

23483 

23863 

24241 

24618 

24993 

25366 

25738 

26108 

26477 

26844 

27210 

27573 

4 

338 

20 

7*27936 

28297 

28656 

29014 

29371 

29726 

30079 

30431 

30782 

31131 

31479 

31826 

8 

21 

32171 

32515 

32857 

33198 

33538 

33876 

34213 

34549 

34884 

35217 

35549 

35879 

1 

86 

22 

36209 

36537 

36864 

37189 

37514 

37837 

38159 

38480 

38800 

39118 

39435 

39752 

2 

180 

23 

40067 

40380 

40693 

41005 

41315 

41625 

41933 

42240 

42546 

42851 

43155 

43458 

3 

19S 

24 

43760 

44061 

44361 

44659 

44957 

45254 

45549 

45844 

46138 

46430 

46722 

47013 

4 

280 

25 

7-47302 

47591 

47879 

48166 

48452 

48737 

49021 

49304 

49586 

49867 

50148 

50427 

8 

26 

50706 

50983 

51260 

51536 

51811 

52085 

52358 

52631 

52902 

53173 

53443 

53712 

1 

63 

27 

53980 

54247 

54514 

54780 

55045 

55308 

55572 

55834 

56096 

56357 

56617 

56876 

2 

108 

28 

57135 

57393 

57650 

57906 

58162 

58416 

58670 

58924 

59176 

59428 

59679 

59929 

3 

169 

29 

60179 

60428 

60676 

60924 

61170 

61417 

61662 

61907 

62151 

62394 

62636 

62878 

4 

212 

30 

7*63120 

63360 

63600 

63839 

64078 

64316 

64553 

64790 

65026 

65261 

65496 

65730 

8 

31 

65964 

66196 

66429 

66660 

66891 

67121 

67351 

67580 

6>809 

68037 

68264 

68491 

1 

46 

32 

68717 

68942 

69167 

69392 

69616 

69839 

70061 

70283 

70505 

70726 

70946 

71166 

2 

90 

33 

71385 

71604 

71822 

72040 

72257 

72473 

72689 

72904 

73119 

73334 

73548 

73760 

3 

194 

34 

73974 

74186 

74398 

74609 

74819 

75030 

75239 

75448 

75657 

75865 

76073 

76280 

4 

178 

35 

7-76487 

76693 

76898 

77104 

77308 

77513 

77716 

77920 

78122 

78325 

78526 

78728 

8 

36 

78929 

79129 

79329 

79529 

79728 

79926 

80124 

80322 

80519 

80716 

80912 

81108 

1 

80 

37 

81303 

81498 

81693 

81887 

82081 

82274 

82467 

82659 

82851 

83043 

83234 

83424 

2 

77 

38 

^3615 

83804 

83994 

84183 

84372 

84560 

84747 

84935 

85122 

85308 

85494 

85680 

3 

118 

39 

85866  86050 

86235 

86419 

86603 

86786 

86969 

87152 

87334 

87516 

87697 

87878 

4 

164 

40 

7-88059 ,  88240 

88419 

88599 

88778 

88957 

89135 

89314 

89491 

89668 

89846 

90022 

8 

.41 

90198 ;  90374 

90550 

90725 

90900 

91074 

91248 

91422 

91596 

91769 

91941 

92114 

1 

84 

42 

92286 

92457 

92629 

92800 

92970 

93141 

93311 

93480 

93650 

93819 

93987 

94156 

2 

88 

43 

94324 

94491 

94659 

94826 

94992 

95159 

95325 

95491 

95656 

95821 

95986 

96150 

3 

102 

44 

96315 

96478 

96642 

96805 

96968 

97131 

97293 

97455 

97617 

97778 

97939 

98100 

4 

187 

45 

i-98260 .  98421 

98580 

98740 

98899 

99058 

99217 

99375 

99534 

99691 

99849 

00006 

8 

46 

8-00163 

00320 

00476 

00632 

00788 

00944 

01099 

01254 

01409 

01563 

01717 

01871 

1 

SI 

47 

02025 

02178 

02331 

02484 

02636 

02789 

02941 

03092 

03244 

03395 

03546 

03697 

2 

82 

46 

03847 

03997 

04147 

04297 

04446 

04595 

04744 

04892 

05041 

05189 

05336 

05484 

3 

92 

49 

05631 

05778 

Q5925 

06072 

06218 

06364 

06510 

06655 

06800 

06945 

07090 

07235 

4 

122 

50 

8-07379 ,  07523 

07667 

07811 

07954 

08097 

08240 

08383 

08525 

08667 

08809 

08951 

8 

51 

09092  09233 

09374 

09515 

09656 

09796 

09936 

10076 

10216 

10355 

10494 

10633 

1 

27 

52 

10772 

10910 

11048 

11187 

11324 

11462 

11599 

11736 

11873 

12010 

12147 

12283 

2 

66 

53 

12419 

12555 

12691 

12826 

12961 

13096 

13231 

13366 

13500 

13634 

13768 

13902 

3 

82 

54 

14035  14169 

14302 

14434 

14567 

14700 

14832 

14964 

15096 

15228  115359 

15490 

4 

110 

55 

8-15621  15752 

15883 

16013 

16144 

16274 

16404 
^17947 

16533 

16663 

16792,16921 

17050 

k 

56 

17179 

17307 

17436 

17564 

17692 

17820 

18074 

18202 

18329 ,  18455 

18582 

1 

35 

57 

18708  18835 

18961 

19087 

19212 

19338 

19463 

19588 

19713 

19838  19963 

20087 

2 

50 

58 

20211 1 20335 

20459 

a«a«ia 

20583 

20706 

20830 

20953 

21076 

oan90 

21198 

21321  21444 

AA^^n  nnonn 

21566 

3 

1 

75 
inn 

178 


TABLE  38. 
LogwithmB  of  Apparent  Time  or  Hc^aiy  Aii{^. 


1  Hoar. 


11 

Oi 

6g 

lOt 

15i 

80i 

S5i 

30i 

35i 

40b 

45s 

50b 

S5i 

1*- 

0 

1 

2 
3 

4 

)*23140 
24567 
25971 
27352 
2B711 

23259 
24685 
26087 
27466 
28823 

23379 
24802 
26203 
27580 
28935 

23499 
24920 
26318 
27694 
29047 

23618 
25037 
26434 
27807 
29159 

23737 
25155 
26549 
27921 
29271 

23856 
25272 
26664 
28034 
29383 

23975 
25389 
26779 
28147 
29494 

24090 
25505 
26894 
28260 
29605 

24218 
25622 
27009 
28373 
29716 

24331 
85738 
87123 
38486 
89827 

84449 

85855 
27238 
88599 
89938 

• 

M 

5 
6 
7 
8 
9 

3-30049 
31366 
32663 
33940 
35199 

30159 
31475 
32770 
34046 
35303 

30270 
31583 
32877 
34151 
35407 

30380 
31692 
32984 
34257 
35511 

30490 
31800 
33091 
34362 
35614 

30600 
31909 
33198 
34467 
35718 

30710 
32016 
33304 
34572 
35821 

30820 
32125 
33410 
34677 
35925 

30929 
32233 
33517 
34782 
36028 

31039 
32340 
33623 
34886 
36131 

31148 
32448 
33789 
34991 
36234 

31257 
32556 
33835 
35095 
3«337 

2 

11 
43 
U 
•5 

10 
11 
12 
13 
14 

8-36439 
37662 
38866 
40055 
41226 

36542 
37763 
38966 
40153 
41323 

36644 
37864 
39066 
40251 
41420 

36746 
37964 
39165 
40349 
41517 

36849 
38065 
39264 
40447 
41613 

36951 
38166 
39364 
40545 
41710 

37053 
38266 
39463 
40642 
41806 

37154 
38366 
39562 
40740 
41902 

37256 
38467 
39660 
40837 
41998 

37358 
38567 
39759 
40935 
42094 

37459 
38667 
39858 
41038 
48191 

37560 
38767 
39956 
41129 
48286 

1  to 

3  10 

4  «« 

15 
16 
17 
18 
19 

8*42382 
43522 
44647 
45757 
46852 

42477 
43616 
44740 
45849 
46943 

42573 
43710 
44833 
45940 
47034 

42668 
43804 
44926 
46032 
47124 

42764 
43898 
45018 
46124 
47215 

42859 
43992 
45111 
46215 
47305 

42954 
44086 
45204 
46306 
47395 

43049 
44180 
45296 
46398 
47485 

43144 
44273 
45388 
46489 
47575 

43238 
44367 
45481 
46580 
47665 

43333 
44460 
45573 
46671 
47755 

43427 
44554 
45665 
46768 
47844 

2 

18 

u 

20 
21 
22 
23 
24 

B'47934 
49002 
50056 
51098 
52127 

48024 
49090 
50144 
51184 
52212 

48113 
49179 
50231 
51270 
52297 

48202 
49267 
50318 
51356 
52382 

48292 
49355 
50405 
51442 
52467 

48381 
49443 
50492 
51528 
52552 

48470 
49531 
50579 
51614 
52636 

48559 
49619 
50665 
51699 
52721 

48647 
49706 
50752 
51785 
52805 

48736 
49794 
50839 
51871 
52890 

48825 
49888 
50985 
51956 
58974 

48913 
49969 
51018 
58041 
53059 

IT 
IS 

•s 

71 

25 
26 
27 
28 
29 

8*53143 
54147 
55139 
56120 
57089 

53227 
54230 
55221 
56201 
57169 

53311 
54313 
55303 
56282 
57249 

53395 
54396 
55385 
56363 
57330 

53479 
54479 
55467 
56444 
57410 

53563 
54562 
55549 
56525 
57490 

53646 
54645 
55631 
56606 
57569 

53730 
54727 
55713 
56687 
57649 

53814 
54810 
55794 
56767 
57729 

53897 
54898 
55876 
56848 
57809 

53980 
54975 
55957 
56988 
57888 

54064 
55057 
56038 
57009 
&7968 

9 
* 

21 
91 
49 

30 
31 
32 
33 
34 

)-58047 
58994 
69931 
60857 
61773 

58126 ,  58206 
59073  59151 
60009  60086 
60934  1 61011 
61849  61925 

58285 
59230 
60164 
61087 
62001 

58364 
59308 
60241 
61164 
62076 

58443 
59386 
60318 
61240 
62152 

58522 
59464 
60395 
61317 
62228 

58601 
59542 
60473 
61393 
62303 

58680 
59620 
60550 
61469 
62379 

58759 
59698 
60627 
61545 
62454 

58837 

59776 
60704 
61681 
68589 

58916 
59853 
60781 
61697 
62604 

2 

IS 
It 
46 
•S 

85 
36 
37 
38 

39 

1 

8-62679 
63576 
64463 
65340 
66208 

j 62755  62830 
63650 ,  63724 
64536  64609 
65412 ;  65485 

1  66280  ^66352 

62904 
63798 
64683 
65558 
66424 

62979 
63872 
64756 
65630 
66496 

63054 
63946 
64829 
65703 
66567 

63129 
64020 
64902 
65775 
66639 

63203 
64094 
64975 
65847 
66710 

63278 
64168 
65048 
65920 
66782 

63353 
64242 
65121 
65992 
66853 

63427 
64315 
65194 
66064 
66925 

63502 
64389 
65267 
66136 
66996 

\ 

IS 
» 
44 
SI 

40 
41 
42 
43 
44 

"45 
46 

47 
48 
49 

3-67067 
67918 
68759 
69593 
70418 

1 67139 
67988 
68829 
69662 
70486 

, 67209 
68059 
68899 
69731 
79554 

67281 
68129 
68969 
69800 
70623 

67352 
68199 
69038 
69869 
70691 

67423 
68269 
69108 
69937 
70759 

67494 
68340 
69177 
70006 
70827 

67564 
68410 
69247 
70075 
70895 

67635 
68480 
69316 
70144 
70963 

67706 
68550 
69385 
70212 
71031 

67777 
68620 
69454 
70281 
71099 

67847 
68690 
69524 
70349 
71167 

■ 

14 
IS 
43 
SI 

8-71234 
72043 
72844 
73637 
74423 

71302 
72110 
72910 
73703 
74488 

71370 
72177 
72977 
73768 
74553 

71437 
72244 
7304^ 
73834 
74618 

71505 
72311 
73109 
73900 
74683 

71572 
72378 
73175 
73965 

74748 

71640 
72444 
73241 
74031 
74813 

71707 
72511 
73308 
74096 

74877 

71774 
72578 
73374 
74162 
74942 

71842 
72644 
73439 
74227 
75007 

71909 
72711 
73505 
74292 
75072 

71976 
72777 
73571 
74357 
7^136 

^ 

li 
21 
40 
fiS 

50 
51 
52 
53 
54 

8  75201 
75971 
76735 
77492 
78241 

75265 
76035 
76798 
77554 
78303 

75330 
76099 
76862 
77617 
78365 

75394 
76163 
76925 
77680 
78427 

75458 
76227 
76988 
77742 
78489 

75523 
76290 
77051 
77805 
78551 

75587 
76354 
77114 
77867 
78613 

75651 
76418 
77177 
77930 
18675 

75716 
76481 
77240 
77992 
78737 

75779 
76545 
77303 
78054 
78799 

75843 
76608 
77366 
78117 
78861 

75907 
76672 
77429 
78179 
78922 

1 

IS 
15 
18 

i? 

11 
t4 
S6 
4B 

55 
56 
57 
59 
59 

8-78984 
79720 
80449 
81172 
8^889 

79045 
79781 
80510 
81232 
81948 

79107 
79842 
80570 
81292 
82008 

79169 
79903 
80631 
81352 
82067 1 

79230 
79964 
80691 
81412 
82126 

79291 
80025 
80751 
81472 
82186 

79353 
80085 
80812 
81531 
82245 

79413 
80146 
80872 
81591 
82304 

.79475 
80207 
80932 
81651 
82363 

79537 
80268 
80992 
81710 
82422 

79598 
80328 
81052 
81770 
82481 

79659 
80389 
81112 
'81829 
8254U 

2 
3 
4 

TABLE    33. 
LogarithmB  of  Apparent  lime  or  Horary  Angle. 
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2  Hours. 


M 

Oi 

5« 

lOf 

158 

20l 

25i 

30s 

S5s 

40f 

46f 

608 

668 

Pio« 
pts. 

0 

)-82ft99 

82668 

82717 

82776 

82835 

82893 

82962 

83011 

83069 

83128 

83187 

83246 

8 

1 

8330S 

83362 

83420 

83478 

83537 

83595 

83653 

83711 

83769 

83828 

83885 

83944 

1 

11 

2 

84001 

84059 

84117 

84175 

84233 

84291 

84348 

84406 

84464 

84521 

84579 

84636 

2 

as 

S 

84694 

84751 

84808 

84866 

84923 

84980 

85037 

85095 

86162 

86209 

86266 

85323 

3 

S4 

4 

85380 

85437 

85494 

85550 

85607 

85664 

86721 

85777 

85834 

86891 

85947 

86004 

4 

46 

5 

8-86060 

86U7 

86173 

86229 

86286 

86342 

86398 

86454 

86511 

86567 

86623 

86679 

s 

6 

86735 

86791 

86847 

86903 

86959 

87014 

87070 

87126 

87182 

87237 

87293 

87348 

1 

11 

7 

87404 

87460 

87515 

87570 

87626 

87681 

87736 

87792 

87847 

87902 

87957 

88013 

2 

12 

8 

88068 

88123 

88178 

88233 

88288 

88342 

88397 

88462 

88507 

88562 

88616 

88671 

3 

8S 

9 

88726 

88780 

88835 

88889 

88944 

88998 

89053 

89107 

89162 

89216 

89270 

89324 

4 

44 

10 

9-89379 

89433 

89487 

89541 

89595 

89649 

89703 

89757 

89811 

89865 

89918 

89972 

8 

11 

90026 

90080 

90133 

90187 

90241 

90294 

90348 

90401 

90455 

90508 

90562 

90615 

1 

11 

12 

90668 

90722 

90775 

90828 

90881 

90934 

90988 

91041 

91094 

91147 

91200 

91253 

2 

91 

13 

91306 

91358 

91411 

91464 

91517 

91570 

91622 

91676 

91728 

91780 

91833 

91885 

3 

SS 

14 

91938 

91990 

92043 

92095  92147 

92200 

92252 

92304 

92366 

92408 

92461 

92513 

4 

49 

15 

9*92565 

92617 

92669 

92721 

92773 

92825 

92877 

92928 

92980 

93032 

93084 

93135 

8 

16 

93187 

93239 

93290 

93342 

93393 

93445 

93496 

93648 

93599 

93651 

93702 

93753 

1 

10 

17 

93804 

93856 

93907 

93958 

94009 

94060 

94111 

94162 

94213 

94264 

94315 

94366 

2 

90 

18 

94417 

94468 

94519 

94570 

94620 

94671 

94722 

94772 

94823 

94874 

94924 

94975 

3 

81 

19 

95025 

95075 

95126 

95176 

95227 

95277 

95327 

96378 

95428 

96478 

96628 

95578 

4 

41 

20 

9-95628 

95678  95728 

95778 

95828 

95878 

95928 

95978 

96028 

96078 

96128 

96178 

8 

21 

96227 

96277 

96326 

96376 

96426 

96475 

96525 

96574 

96624 

96673 

96723 

96772 

1 

10 

22 

96821 

96871 

96920 

96969 

97018 

,97068 

97117 

97166 

97215 

97264 

97313 

97362 

2 

90 

23 

97411 

97460 

97509 

97558 

97607 

97656 

97704 

97753 

97802 

97851 

97899 

97948 

3 

99 

24 

97996 

98045 

98094 

98142 

98191 

98239 

98288 

98336 

98384 

98433 

98481 

98529 

4 

39 

25 

8-98578 

98626 ,  98674 

98722 

98770 

98818 

98866 

98914 

98963 

99011 

99058 

99106 

8 

26 

-  99154 

99202  99250 

99298 

99346 

99393 

99441 

99489 

99536 

99584 

99632 

99679 

1 

10 

27 

7-99727 

99774  99822 

99869 

99917 

99964 

00012 

00069 

00106 

00154 

00201 

00248 

2 

19 

28 

900295 

00342  00390 

00437 

00484 

00531 

00578 

00625 

00672 

00719 

00766 

00813 

3 

90 

29 

00860 
9*01420 

00906  00953 

01000 

01047 

01094 

01140 

01187 

01234 

01280 

01327 

01373 

4 

S8 

30 

01466]  01513 

01559 

01606 

01652 

01698 

01745 

01791 

01837 

01884 

01930 

8 

31 

01976 

02022  02068 

02114 

02161 

02207 

02263 

02299 

02345 

02391 

02437 

02483 

I 

9 

32 

02528 

02574 

02620 

02666 

02712 

02757 

02803 

02849 

02894 

02940 

02986 

03031 

2 

16 

33 

03077 

03122 

03168 

03213 

03259 

03304 

03350 

03395 

03440 

03486 

03531 

03576 

3 

96 

34 

03621 

03667 

03712 

03757 

03802 

03847 

03892 

03937 

03982 

04027 

04072 

04117 

4 

87 

35 

9-04162 

04207 

04252 

04297 

04341 

04386 

04431 

04476 

04620 

04565 

04610 

04654 

8 

36 

04699 

04744 

04788 

04833 

04877 

04922 

04966 

05011 

05055 

06099 

06144 

06188 

1 

9 

27 

05232 

05277 

05321 

05365 

05409 

05453 

05498 

05542 

05586 

05630 

05674 

05718 

2 

16 

38 

05762 

05806 

05850 

05894 

05938 

05982 

06025 

06069 

06113 

06157 

06200 

06244 

3 

97 

39 

06288 

06332 

06375 

06419 

06462 

06506 

06550 

06593 

06637 

06680 

06724 

06767 

4 

86 

40 

9-06810 

06854  06897 

06940  06984 

07027 

07070 

07113 

07167 

07200 

07243 

07286 

8 

41 

07329 

07372  07415 

07458  07501 

07544 

07587 

07630 

07673 

07716 

07759 

07802 

1 

9 

42 

07845 

07887 .  07930 

07973  08016 

08058 

08101 

08144 

08186 

08229 

08271 

08314 

2 

17 

43 

08357 

08399  08442 

08484 ;  08526 

08569 

08611 

08654 

08696 

08738 

08781 

08823 

3 

96 

44 

08865 

08907  i  08949 

08992  09034 

09076 

09118 

09160 

09202 

09244 

09286 

09328 

ut 

86 

45 

9-09370 

09412 

09454 

09496 ,  09538 

09580 

09622 

09663 

09705 

09747 

09789 

09830 

8 

46 

09872 

09914 

09955 

09997  10039 

10080 

10122 

10163 

10206 

10246 

10288 

10329 

1 

S 

47 

10371 

10412 

10453 

10495  10536 

10577 

10619 

10660 

10701 

10742 

10784 

10826 

2 

17 

48 

10866 

10907 

10948 

10989 '11030 

11071 

11112 

11153 

lllM 

11235 

11276 

11317 

3 

98 

49 

11358 

11399  11440 

11480  11521 

11562 

11603 

11643 

11684 

11725 

11765 

11806 

4 

84 

50 

9*11847 

11887 

11928 

11968  12009 

12050 

12090 

12130 

12171 

12211 

12262 

12292 

8 

51 

12332 

12373 

12413 

12453  12494 

12534 

12574 

12614 

12655 

12695 

12736 

12775 

1 

8 

52 

12615 

12855 

12895 

12935  12975 

13015 

13055 

13095 

13135 

13175 

13216 

13266 

2 

16 

53 

13295 

13334 

13374 

13414 

13454 

13494 

13633 

13573 

13613 

13662 

13692 

13732 

3 

94 

54 

13771 

13811  13850 

13890 

13929 

13969 

14008 

14048 

14087 

14126 

14166 

14205 

4 

89 

55 

»-l4245 

14284  14323 

14362 

14402 

y«441 

14480 

14619 

14569 

14598 

14637 

14676 

8 

56 

14715 

14754 

14793 

14832 

14871  14910 

14949 

14988 

16027 

15066 

15105 

16144 

1 

8 

57 

15183 

15221 

15260 

15299 

15338 

15377 

15416 

15454 

15493 

15531 

15670 

15609 

2 

18 

58 

15647 

15686 

15724 

15763 

15802 

15840 

16879 

16917 

16966 

15994 

16032 

16071 

3 

98 

59 

lAlflQ 

^UlAJ 

1A1AA 

16991 

162A2 

lASOl 

16339 

16377 

16416 

16463 

16492 

16530 

4 

80 

180 


TABLE  33. 
Logarithms  of  Apparent  Time  or  Horary  Angle. 

■  i  Hours. 


M 

Oa 

5b 

108     158 

208 

25s 

30s 

358 

408 

458 

508   558  ' 

0 

9*16568 

16606 

16644  16682 

16720 

16758 

16796 

16834 

16872 

16910 

16948 

16986 

i 

1 

17024 

17062 

17100 

17138 

17175 

17213 

17251 

17289 

17326 

17364 

17402 

17440 

M  ' 

2 

17477 

17515 

17553 

17590 

17628 

17665 

17703 

17740 

17778 

17815 

17853 

17890 

sill 

3 

17928 

17965 

18003 

18040 

18077 

18115 

18152 

18189 

18227 

18264 

18301 

18338 

3  » 

4 

18376 

18413 

18450 

18487 

18524 

18561 

18598 

18636 

18673 

18710 

18747 

18784 

4  M 

5 

918821 

18858 

18895 

18932 

18968 

19005 

19042 

19079 

19116 

19153 

19190. 192261 

■ 

6 

19263 

19300 

19337 

19373 

19410 

19447 

19483 

19520 

19557 

19593 

19630 

19666 

1  T 

7 

19703 

19739 

19776 

19812 

19849 

19885 

19922 

19958 

19995 

20031 

120067 

20101 

2  li 

8 

20140 

20176 

20213 

20249 

20285 

20321 

20358 

20394 

20430 

20466 

20502 

20538 

3  » 

9 

20574 

20611 

20647 

20683 

20719 

20755 

20791 

20827 

20863 

20899 

20935 

20970 

4  M 

10 

9-21006 
21436 

21042 

21078 

21114 

21150 

21186 

21221 

21257 

21293 

21329 

21364 

21400 

• 

11 

21471 

21507 

21543 

21576 

21614 

21650 

21685 

21721 

21756 

21792 

21827 

1  r 

12 

21863 
22287 

21898 
22322 

21934 
22358 

21969 
22393 

22004 

22428 

22040 
22463 

22076 
22498 

22111 
22533 

22146 
22569 

22181 
22604 

22216 
22639 

9r^f 

2  U 

13 

22674 

3  21 

14 

22709 

22744 

22779 

22814 

22849 

22884 

22919 

22954 

22989 

23024 

23059 

23094 

4  » 

15 

9*23128 

23163 

23198 

23233 

23268 

23302 

23337 

23372 

23407 

23441 

23476 

23511 

• 

16 

23545 

23580 

23615 

23649 

23684 

23718 

23753 

23788 

23822 

23857 

23891 

23926 

I  7 

17 

23960 

23994 

24029 

24063 

24098 

24132 

24166 

24201 

24235 

24269 

24304 

24338 

2  14 

18 

24372 

24406 

24441 

24475 

24509 

24543 

24577 

24612 

24646 

24660 

24Z14 

24748 

3  J« 

19 

24782 

24816 

24850 

24884 

24918 

24952 

24986 

25020 

25054 

25086 

25122 

25156 

4(>T 

20 

9-25190 

25224 

25257 

25291 

25325 

25359 

25393 

25426 

25460 

25494 

25527 

25561 

s 

21 

25595 

25629 

25662 

25696 

25729 

25763 

35796 

25830 

25864 

25897 

25931 

25964 

1  7 

22 

25998 

26031 

26065 

26098 

26132 

26165 

26198 

26232 

26265 

26298 

26332 

26365 

2  13 

23 

26398 

26432 

26465 

26498 

26532 

26565 

26598 

26631 

26664 

26697 

26731 

26764 

3  M 

24 

26797 

26830 

26863 

26896 

26929 

26962 

26995 

27028 

27061 

27094 

27127 

27160 

4  t6 

26 

9-27193 

27226 

27259 

27292 

27325 

27357 

27390 

27423 

27456 

27489 

27521 

27554 

8 

2G 

27587 

27620 

27652 

27685 

27718 

27751 

27783 

27816 

27848 

27881 

27914 

27946 

1  6 

27 

27979 

2801 1 

28044 

28076 

28109 

28141 

28174 

28206 

28239 

28271 

28304 

28336 

2  18 

28 

28368 

28401 

28433 

28465 

28498 

28530 

28562 

28595 

28627 

28659 

28691 

28724 

3  19 

29 

28756 

28788 

28820 

28852 

28885 

28917 

28949 

28981 

29013 

29045 

29077 

29109 

4  H 

^0 

9-29141 

29173 

29205 

29237 

29269 

29301 

29333 

29365 

29397 

29429 

29461 

29493 

i 

31 

29524 

29556 

29588 

29620 

29652 

29683 

29715 

29747 

29779 

29810 

29842 

29874 

1  ( 

32 

29905 

29937 

29969 

30000 

30032 

30064 

30095 

30127 

30158 

30190 

30221 

30253 

2  IS 

33 

30285 

30316 

30347 

30379 

30410 

30442 

30473 

30505 

30536 

30567 

30599 

30630 

3  18 

34 

30661 

30693 

30724 

30755 

30787 

30818 

30849 

30880 

30912 

30943 

30974 

31005 

4  25 

35 

9-31036 

31068 

31099 

31130 

31161 

31192 

31223 

31254 

31285 

31316 

31347 

81378 

1 

36 

31409 

31440 

31471 

31502 

31533 

31564 

31595 

31626 

31657 

31688 

31719 

31749 

1  « 

37 

31780] 

31811 

31842 

31873 

31903 

31934 

31965 

31996 

32026 

32057 

32088 

32119 

2  IS 

38 

32149 

32180 

32210 

32241 

32272  32302 

32333 

32363 

32394 

32425 

32455 

32486 

3  18 

39 

32516 

32547 

32577 

32608 

32638 1 32668 

32699 

32729 

32760 

32790 

32820 

32851 

4  U 

40 

9-32881 

32911  32942 

32972 

33002  33033 

33063 

63093 

33123 

33154 

33184 

33214 

B 

41 

33244 

33274 

33304 

33335 

33365 

33395 

33425 

33455 

33485 

33515 

33545 

33575 

1  6 

42 

33605 

33635 

33665 

33695 

33725 

33755 

33785 

33815 

33845 

33875 

33905 

33936 

2  IS 

43 

33965 

33994 

34024 

34054 

34084 

34114 

.34143 

34173 

34203 

34233 

34262 

34292 

S  18 

44 

34322 

34352 

34381 

34411 

34441 

34470 

34500 

34529 

34559 

34((89 

34618 

34648 

<  >! 

45 

9-34677 

34707 

34736 

34766 

34795 

34825 

34854 

34884 

34913 

34943 

34972 

35002 

B 

46 

35031 

35060 

35090 

35119 

35148 

35178 

35207 

35236 

35266 

35295 

35324 

35353 

I  « 

47 

35383 

35412 

35441 

35470 

35499 

35529 

35558 

35587 

35616 

35645 

95674 

35703  i 

2  IS 

48 

35733 

35762 

35791 

35820 

35849 

35878 

35907 

35936 

35965 

35994 

36023 

36052  : 

J  II 

49 

36081 

36110 

36139 

36167 

36196 

36225 

36254 

36283 

36312 

36341 

36369 

36398  i 

[  W 

50 

?-36427 

36456  36485 

36513  36542 

36571 

36599 

36628 

36657 

36686 

36714 

36743  1 

51 

36771 

36800  36829 

36857  36886 

36915 

36943 

^972 

37000 

37029 

37057 

37066  ] 

I  • 

52 

37114 

37143 

37171 

37200  37228 

37257 

37285 

37313 

37342 

37370 

37399 

37427  i 

}  11 

53 

37455 

37484 

37512 

37540  37568 

37597 

37625 

37653 

37682 

37710 

37738 

37766  2 

1  17 

54 

37794 

37823 

37851 

37879  37907 

37936 

37963 

37991 

38020 

38048 

38076 

38104  i 

SS 

55 

)*38132 

38160 

38188 

38216  38244] 

38272 

38300 

38328 

38356 

38384 

38412 

38440  8 

56 

38468 

38496 

38524 

38551 

38579 

38607 

38635 

38663 

3869a 

38718 

38746 

38774  1 

e 

57   38802 

38830 

38857 

38885 

38913 

38940 

38968 

38996 

39024  390511 

39079 

39107  2 

11 

58   3913/ 

39162  39189 j 

39217  j  39245! 

39272 

39300 

39327  39355 139382 1  394101 

39437  3 

17 

59  j 

39465  1 

39492 

39520  J 

39547  . 

39575  J 

39602 

39630 

39657 

39684  . 

39712 1 , 

39739 1 , 

19767  4 

21 

TABTjE  83.                  181 

• 

Logarithms  of  Apparent  Time  or  Horary  Angle. 

4  Hours. 

• 

If 

(te 

5i 

lOs 

158 

20s 

258 

308 

358 

408 

45h 

508 

558 

Fro.  1 

Pt8.   1 

0 

1 

2 
3 
4 

9-39794 
40121 
40447 
40771 
41094 

39821 
40149 
40474 
40798 
41121 

39849 
40176 
40501 
40825 
41147 

39876 
40203 
40528 
40852 
41174 

39903 
40230 
40555 
40879 
41201 

39931 
40257 
40582 
40906 
41228 

39958 
40284 
40609 
40933 
41254 

39985 
40312 
40636 
40960 
41281 

40012 
40339 
40663 
40986 
41308 

40040 
40366 
40690 
41013 
41335 

40067 
40393 
40717 
41040 
41361 

40094 
40420 
40744 
41067 
41388 

8 
1 

2 
3 
4 

6 
11 
16 
93 

5 
6 
7 
8 
9 

9-41415 
41734 
42052 
42363 
42682 

41441 
41761 
42078 
42394 
42709 

41468 
41787 
42105 
42420 
42735 

41495 
41814 
42131 
42447 
42761 

41521 
41840 
42157 
42473 

42787 

41548 
41867 
42184 
42499 
42813 

41575 
41893 
42210 
42525 
42839 

41601 
41920 
42236 
42bb2 
42865 

41628 
41946 
42263 
421178 
42891 

41654 
41972 
42289 
42604 
42917 

41681 
41999 
42315 
42630 
42943 

41707 
42025 
42342 
42656 
42969 

8 
1 

2 
3 

4 

5 

10 
16 
SI 

10 
11 
12 
13 
14 

9-42996 
43307 
43617 
43925 
44232 

43022 
43333 
43643 
43951 
44258 

43048 
43359 
43669 
43977 
44283 

43074 
43385 
43694 
44002 
44309 

43100 
43411 
43720 
44028 
44334 

43125 
43436 
43746 
44054 
44360 

43151 
43462 
43771 
44079 
44385 

43177 
43488 
43797 
44105 
44411 

43203 
43514 
43d23 
44130 
44436 

43229 
43540 
43848 
44156 
44462 

43255 
43565 
43874 
44181 

44487 

43281 
43591 
43900 
44207 
44513 

8 
1 

2 
3 

4 

5 
10 
15 
SO 

•  15 
16 
17 
18 
19 

9-44538 
44842 
45144 
45446 
45745 

44563 
44867 
45170 
45471 
45770 

44589 
44892 
45195 
45496 
45795 

44614 
44918 
45220 
45521 
45820 

44639 
44943 
45245 
45546 
45845 

44665 
44968 
45270 
45571 
45870 

44690 
44993 
45295 
45595 
45894 

44715 
45019 
45320 
45620 
45919 

44741 
45044 
45345 
45645 
45944 

44766 
45069 
45370 
45670 
45969 

44791 
45094 
45395 
45695 
45994 

44817 
45119 
45420 
45720 
46018 

8 
1 

2 
3 
4 

6 
10 
15 
SO 

lo 

21 
22 
23 
24 

9-46043 
46340 
46635 
46929 
47222 

46068 
46365 
46660 
46954 
47246 

46093 
46389 
46684 
46978 
47270 

46118 
46414 
46709 
47002 
47295 

46142 
46439 
46733 
47027 
47319 

46167 
46463 
46758 
47051 
47343 

46192 
46488 
46782 
47076 
47367 

46217 
46512 
46807 
47100 
47^92 

46241 
46537 
46831 
47124 
47416 

46266 
46562 
46856 
47149 
47440 

ft 

46291 
46586 
46880 
47173 
47464 

46315 
46611 
46905 
47197 
47489 

8 
1 

2 

3, 

4 

5 
10 
15 
80 

25 
26 
27 
28 
29 

9-47513 
47803 
48091 
48378 
48664 

47537 
47827 
48115 
48402 
48687 

47561 
47851 
48139 
48426 
48711 

47585 
47875 
48163 
48449 
48735 

47610 
47899 
48187 
48473 
48758 

47634 
47923 
48211 
48497 
48782 

47658 
47947 
48235 
48521 
48806 

47682 
47971 
48258 
48545 
48830 

47706 
47995 
48282 
48568 
48853 

47730 
48019 
48306 
48592 
48877 

47754 
48043 
48330 
48616 
48900 

47779 
48067 
48354 
48640 
48924 

8 
1 

2 
3 

4 

6 

10 
14 
19 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

9-48948 
49231 
49512 
40793 
50071 

48971 
49254 
49536 
49816 
50095 

48995 
49278 
49559 
49839 
50118 

49019 
49301 
49583 
49862 
50141 

49042 
49325 
49606 
49886 
50164 

49066 
49348 
49629 
49909 
50187 

49089 
49372 
49653 
49932 
50211 

49113 
49395 
49676 
49956 
50234 

49137 
49419 
49699 
49979 
50257 

49160 
49442 
49723 
50002 
50280 

49184 
49465 
49746 
50025 
50303 

49207 
49489 
49769 
50048 
50326 

8 
1 

2 
3 
4 

5 

9 
14 
19 

9-50349 
50626 
50901 
51174 
51447 

50372 
50649 
50924 
61197 
51470 

50395 
50672 
50946 
51220 
51492 

50418 
50694 
50969 
51243 
51515 

50441 
50717 
50992 
51265 
51538 

50465 
50740 
51015 
51288 
51560 

50488 
50763 
51038 
51311 
51583 

50511 
50786 
51060 
51334 
51605 

50534 
50809 
51083 
51356 
51628 

50557 
50832 
51106 
51379 
51651 

50580 
50855 
51129 
51402 
51673 

50603 
50878 
51152 
51424 
51696 

8 
1 

2 
3 
4 

6 
9 

14 
18 

40 
41 
42 
43 
44 

45 
4C 
47 
48 
49 

9-51718 
5198ir 
52257 
52525 
52791 

51741 
52011 
52279 
52547 
52813 

51763 
52033 
52302 
52569 
52835 

51786 
52056 
52324 
52591 
52857 

51808 
52078 
52346 
52613 
52879 

51831 
52100 
52369 
52636 
52901 

5185  3 

52123 

52391 

52658 

52923 

51876 
52145 
52413 
52680 
52946 

51898 
52168 
52435 
52702 
52968 

51921 
52190 
52458 
52724 
52990 

51943 
52212 
52480 
52747 
53012 

51966 
52235 
52502 
52769 
53034 

8 
1 

2 
3 

4 

4 

9 

IS 

18 

9-53056 
53320 
53582 
53844 
54104 

53078 
53342 
53Q04 
53865 
54126 

53100 
53364 
53626 
53887 
54147 

53122 
53385 
53648 
53909 
54169 

53144 
53407 
53670 
53931 
54190 

53166 
53429 
53691 
53952 
54212 

53188 
53451 
53713 
53974 
54234 

53210 
53473 
53735 
53996 
54255 

53232 
53495 
53757 
54017 
54277 

53254 
53517 
53778 
54039 
54298 

53276 
53539 
53800 
54061 
54320 

53298 
53560 
53822 
54082 
54341 

8 
1 

2 
3 

4 

4 

9 

13 

18 

50 
51 
52 
53 
54 

9-54363 
54621 
54878 
55133 
55387 

54385 
54642 
54899 
55154 
55409 

54406 
54664 
54920 
55175 
55430 

54428 
54685 
54941 
55197 
55451 

54449 
54707 
54963 
55218 
55472 

54471 
54728 
54984 
55239 
55493 

54492 
54749 
55005 
55260 
55514 

54514 
54771 
55027 
55282 
55535 

54535 
54792 
55048 
55303 
55556 

54556 
54813 
55069 
55324 
55577 

54578 
54835 
55091 
55345 
55598 

54599 
54856 
55112 
55366 
55619 

8 
1 

2 
3 
4 

4 

9 

13 

17 

55 
56 
57 
58 
59 

9-55641 
55893 
56144 
56393 
56642 

55662 
55914 
56164 
56414 
56663 

55683 
55934 
56185 
56435 
56683 

55704 
55955 
56206 
56456 
56704 

55725 
55976 
56227 
56476 
56725 

55746 
55997 
56248 
56497 
56745 

55767 
56018 
56269 
56518 
66766 

55788 
56039 
56289 
56538 
56786 

55809 
56060 
56310 
56559 
56807 

55830 
56081 
56331 
56580 
56828 

55851 
56102 
56352 
56601 
56848 

55872 
56123 
56372 
56621 
56869 

8 
1 

2 
3 
4 

4 

8 

IS 

17 

188 


TABLE  83. 
Logarithmt  of  Apparent  l^e  or  TSLonrj  Anj^ 


5  Hoora. 


11 

Oi 

5t 

lik 

15t 

20« 

25t 

30i 

36t 

40i 

46f 

60s 

65« 

Vn, 
pti. 

0 

1 

2 
3 

4 

9-56889 
57136 
57381 
57625 
57868 

56910 
57156 
57402 
57646 
57889 

56931 
57177 
57422 
67666 
57909 

56951 
57197 
57442 
57686 
57929 

56972 
57218 
57463 
57706 
57949 

56992 
57238 
57483 
57727 
57969 

67013 
57269 
67603 
57747 
57990 

67033 
57279 
67624 
67767 
68010 

67064 
67299 
67644 
67787 
68030 

67074 
67320 
67664 
57808 
68060 

57096 
57340 
57685 
67828 
58070 

67115 
67361 
67605 

57848 
58090 

1  1 

2  1 

Z  IS 
4  II 

5 
6 
7 
8 
9 

9-58110 
58351 
58591 
58830 
59068 

58131 
58371 
58611 
58850 
59087 

58151 
58391 
58631 
58870 
59107 

58171 
58411 
58651 
58889 
59127 

58191 
58431 
58671 
58909 
59147 

68211 
58451 
58691 
58929 
59166 

68231 
58471 
58711 
58949 
59186 

68261 
68491 
68731 
68969 
69206 

68271 
68611 
58760 
68988 
69225 

58291 
68631 
68770 
59008 
69246 

68311 
58661 
68790 
59028 
59266' 

68331 
68671 
58^0 
>9048 
69285 

1  4 

2  1 

3  IS 

4  14 

10 
11 
12 
13 
14 

9-59304 
59540 
59774 
60008 
60240 

59324 
59559 
59794 
60027 
60260 

59344 
59579 
59813 
60047 
60279 

59363 
59599 
59833 
60066 
60298 

59383 
59618 
59852 
60086 
60318 

59403 
59638 
59872 
60106 
60337 

59422 
69657 
69891 
60124 
60366 

59442 
59677 
69911 
60144 
60375 

69461 
69696 
69930 
60163 
60395 

59481 

69716^ 

59950 

60182 

60414 

^eioi 

69735 
59969 
60202 
60433 

59520 
59755 
59988 
60221 
60452 

1  4 

2  1 

3  IS 

4  If 

15 
16 
17 
18 
19 

9-60472 
60702 
60931 
61160 
61387 

60491 
60721 
60951 
61179 
61406 

60510 
60740 
60970 
61198 
61425 

60529 
60760 
60989 
61217 
61444 

60549 
60779 
61008 
61236 
61463 

60568 
60798 
61027 
61266 
61483 

60587 
60817 
61046 
61274 
61600 

60606 
60836 
61066 
61293 
61619 

60625 
60865 
61084 
61311 
61538 

60645 
60874 
61103 
61330 
61557 

60664 
60893 
61122 
61349 
61576 

60683 
60962 
61141 
61368 
61595 

1  4 

2  S 

S:ii 

4  lis 

20 
21 
22 
23 
24 

9*61613 
61839 
62063 
62287 
62509 

61632 
61856 
62082 
62305 
62527 

61651 
61876 
62100 
62324 
62546 

61670 
61895 
62119 
62342 
62564 

61689 
61914 
62138 
62361 
62583 

61708 
61932 
62156 
62379 
62601 

61726 
61951 
62176 
62398 
62620 

61745 
61Sf70 
62194 
62416 
62638 

61764 
61988 
62212 
62435 
62657 

61783 
62007 
62231 
62463 
62675 

61801 
62026 
62249 
62472 
62693 

61820 
62045 
62268 
62490 
62712 

I  4 

9     * 

5  u 

1  IS 

25 
26 
27 

28 
29 

9-62730 
62951 
63170 
63389 
63606 

62749 
62969 
63188 
63407 
63624 

62767 
62987 
63207 
63425 
63642 

62785 
63006 
63225 
63443 
63660 

62804 
63024 
63243 
63461 
63678 

62822 
63042 
63261 
63479 
63696 

62841 
63061 
63279 
63497 
63715 

62859 
63079 
63298 
63516 
63733 

62877 
63097 
63316 
63634 
63751 

62896 
63116 
63334 
63562 
63769 

62914 
63134 
63352 
63570 
63787 

62932 
63152 
63370  * 
63588  . 
63805 

1  4 

2  7 
S  11 

i  n 

30 

91 

32 
38 
34 

9-63823 
64038 
64253 
64467 
64679 

63841 
64056 
64271 
64484 
64697 

63859 
64074 
64289 
64502 
64715 

63877 
64092 
64307 
64520 
64732 

63895 
64110 
64324 
64538 
64750 

63913 
64128 
64342 
64665 
64768 

63931 
64146 
64360 
64573 
64786 

63949 
64164 
64378 
64691 
64803 

63966 
64181 
64396 
64609 
64821 

63986 
64199 
64413 
64626 
64838 

64002 
64217 
64431 
64644 
64856 

64020 
64235 
64449  1 
64662  : 
64873  i 

1  4 
I    1 
I   11 
I  1 4_ 

35 
36 
37 
38 
39 

9-64891 
65102 
65312 
65521 
65729 

64909 
65120 
65330 
65539 
65747 

64926 
65137 
65347 
65556 
65764 

64944 
65155 
65365 
65573 
65781 

64962 
65172 
65382 
65591 
65799 

64979 
65190 
65399 
65608 
65816 

64997 
65207 
65417 
66625 
65834 

66014 
66225 
65434 
66643 
66860 

65032 
65242 
65452 
65660 
65868 

65060 
65260 
66469 
65677 
66886 

66067 
66277 
65486 
65695 
65902 

65086 
65295  ] 
65504  1 
65712  : 
65919  ^ 

[     I 
I    7 
1  10 
\   14^ 

40 
41 
42 
43 
44 

9-65937 
66143 
66348 
66553 
66757 

65954 
66160 
66366 
66570 
66774 

65971 
66177 
66383 
66587 
66791 

65988 
66194 
66400 
66604 
66807 

66006 
66212 
66417 
66621 
66824 

66023 
66229 
66434 
66638 
66841 

66040 
66246 
66451 
66655 
66858 

66067 
66263 
66468 
66672 
66876 

66074 
66280 
66486 
66689 
66892 

66092 
66297 
66492 
66706 
66909 

66109 
66314 
66519 
66723 
66926 

66126 
66331  ] 
66536  S 
66740  : 
66943  i 

S 

\    7 

[  u 

45 
46 
47 
48 
49 

9*66959 
67161 
67362 

. 67562 
67762 

66976 
67178 
67379 
67579 
67778 

66993 
67195 
67396 
67596 
67795 

67010 
67212 
67412 
67612 
67811 

67027 
67228 
67429 
67629 
67828 

67044 
67215 
67446 
67646 
67844 

67060 
67262 
67462 
67662 
67861 

67077 
67279 
67479 
67679 
67878 

67094 
67295 
67496 
67695 
67894 

67111 
67312 
67512 
67712 
67911 

67128 
67329 
67529 
67729 
67927 

67144 
67346  ] 
67546  S 
67745  2 
67944  i 

[    i 
I    7 
1  1« 
1  II 

60 
51 
62 
53 
54 

9.67960 
68158 
68354 
68550 
68745 

67977 
68174 
68371 
68566 
68761 

67993 
68190 
68387 
68583 
68777 

68010 
68207 
68403 
68599 
68794 

68026 
68223 
68420 
68615 
68810 

68042 
68240 
68436 
68631 
68826 

68059 
68256 
68452 
68648 
68842 

68075 
68272 
68469 
68664 
68858 

68092 
68289 
68485 
68680 
68874 

68108 
68305 
68501 
68696 
68891 

68126 
68322 
68517 
68713 
68907 

68141 
68338  1 
68634  i 
68729  2 
68923  i 

S 

I  7 
\   10 

55 
56 
57 
58 

CA 

9-68939 
69132 
69325 
69516 

68955 
69148 
69341 
69532 
69723 

68971 
69164 
69357 
69548 
69739 

68987 
69181 
69373 
69564 
69755 

69004 
69197 
69389 
69580 
69770 

69020 
69213 
69405 
69596 
69786 

69036 
69229 
69421 
69612 
69802 

69052 
69245 
69437 
69628 
69818 

69068 
69261 
69453 
69644 
69834 

69084 
69277 
69469 
69660 
69860 

69100 
69293 
69484 
69676 
69866 

69116 
69S09  ] 
69500  1 
o9691 
69881  \ 

i  8 
I    1 
\   14 
1  IS 

TABLE  88. 
Logarithms  cf  Apparent  l^me  cr  Hofaiy  Ang^ 


6  HoniB. 


M 

Oi 

5e 

lOs 

15« 

20i 

25« 

30i 

85« 

40i 

45« 

50i 

65« 

0 

1 

2 
3 
4 

9.69897 
70086 
70274 
70462 
70648 

69913 
70102 
70290 
70477 
70664 

69929 
70118 
70306 
70493 
70680 

69944 
70133 
70321 
70509 
70695 

69960 
70149 
70337 
70524 
70710 

69976 
70165 
70358 
70540 
70726 

69992 

70180 
70368 
70555 
70741 

70007 
70196 
70384 
70571 
70757 

70023 
70211 
70399 
70586 
70772 

70039 
70227 
70415 
70602 
70788 

70055 
70243 
70481 
70617 
70808 

70070 
70259 
70446 
70633 
70819 

• 
1 
2 

3 

4 

5 
6 
7 
8 
9 

9.70834 
71019 
71203 
71387 
71569 

70865 
71035 
71219 
71402 
71585 

70865 
71050 
71234 
71417 
71600 

70881 
71065 
71249 
71433 
71615 

70896 
71061 
71265 
71448 
71630 

70911 
71096 
71280 
71468 
71645 

70927 
71111 
71295 
71478 
71660 

70942 
71127 
71310 
71493 
71676 

70958 
71142 
71326 
71509 
71691 

70978 
71157 
71341 
71524 
71706 

70988 
71178 
71856 
71589 
^721 

71004 
71188 
71371 
71554 
71786 

s 
1 
2 
8 

4 

10 
U 
12 
13 
14 

9.71751 
71932 
72112 
72292 
72471 

71766 
71947 
72127 
72307 
72485 

71781 
71962 
72142 
72322 
72500 

71797 
71977 
72157 
72337 
72815 

71812 
71992 
72172 
72352 
72580 

71827 
72007 
72187 
72366 
72545 

71842 
72022 
72202 
72381 
72560 

71857 
72037 
72217 
72396 
72574 

71872 
72052 
72282 
72411 
72589 

71887 
72067 
72247 
72426 
72604 

71902 
7208a 
72262 
72441 
72619 

71917 
72097 
72277 
72456 
72684 

« 
1 
2 

8 

4 

^ 

15 
16 
17 
18 
19 

9.72648 
72825 
73002 
73177 
7SS52 

72663 
72840 
73016 
73192 
73367 

72678 
72855 
73031 
73207 
73381 

72693 
72870 
73046 
732^ 
73396 

72708 
72884 
73060 
73286 
73410 

72722 
72899 
73075 
73250 
73425 

72737 
72914 
78090 
78265 
73489 

72752 
72928 
73104 
73279 
78454 

72767 
72943 
78119 
73294 
73468 

72781 
72958 
73134 
73309 
78483 

72796 
72972 
73148 
78323 
73497 

72811 
72987 
78168 
73888 
78512 

0 
1 
2 
3 

4 

20 
21 
22 
23 
24 

9.73526 
73699 
73872 
74044 
74215 

73541 
73714 
73886 
74058 
74229 

73555 
73728 
73901 
74072 
74243 

73569 
73748 
73915 
74087 
74257 

73584 
73757 
73929 
74101 
74272 

73596 
78771 
73944 
74115 
74286 

73613 
73786 
73958 
74129 
74800 

73627 
73800 
78972 
74144 
74314 

73642 

73815 
73987 
74158 
74828 

73656 
73829 
74001 
74172 
74342 

73671 
73843 
74015 
74186 
74357 

73685 
78858 
74029 
74200 
74371 

8 
1 

2 
3 

4 

25 
26 
27 
28 
29 

9.74385 
74554 
74723 
74891 
75059 

74399 
74569 
74787 
74905 
75072 

74413 
74583 
74751 
74919 
75086 

74427 
74597 
74765 
74983 
75100 

74442 
74611 
74779 
74947 
75114 

74456 
74625 
74793 
74961 
65128 

74470 
74689 
74807 
74975 
75142 

74484 
74653 
74821 < 
74989 
75156 

74498 
74667 
74835 
75003 
75170 

74512 
74681 
74849 
75017 
75183 

74526 
74695 
74863 
75031 
75197 

74540 
74709 
74877 
75045 
75211 

• 
1 
2 

3 

4 

• 

30 
31 
32 
33 
34 

9.75225 
75391 
75556 
75720 

75884 

75239 
75405 
75570 
75784 
75898 

75253 
75418 
75588 
75748 
75911 

75267 
75482 
75597 
75761 
75925 

75280 
75446 
75611 
76775 
75938 

75294 
75460 
75625 
75789 
75952 

175308 
75474 
75688 
75802 
75966 

75322 
75487 
75652 
75816 
75979 

75336 
75501 
75666 
75830 
75993 

75349 
75515 
75679 
75843 
76006 

75363 
75528 
75693 
75857 
76020 

75377 
75542 
75707 
75870 
76033 

1 
1 
2 
3 

4 

35 
36 
37 
38 
39 

9.76047 
76209 
76371 
76531 
76691 

76060 
76223 
76884 
76545 
76705 

76074 
76286 
76397 
76558 
76718 

76088 
76250 
76411 
76571 
76781 

76101 
76263 
76424 
76585 
76745 

76115 
76276 
76438 
76598 
76758 

76128 
76290 
76451 
76611 
76771 

76142 
76303 
76464 
76625 
76784 

76155 
76317 
76478 
76638 
76798 

76169 
76330 
76491 
76651 
76811 

76182 
76344 
76505 
76665 
16824 

76196 
76357 
76518 
76678 
76838 

■ 
1 
2 
8 

4 

40 
41 
42 
43 
44 

9.76851 
77009 
77167 
77325 
77481 

76864 
77023 
77181 
77338 
77494 

76877 
77036 
77194 
77351 
77507 

76891 
77049 
77207 
77864 
77520 

76904 
77062 
77220 
77377 
77533 

76917 
77075 
77288 
77390 
77546 

76930 
77089 
77246 
77408 
77559 

76943 
77102 
77259 
77416 
77572 

76957 
77115 
77272 
77429 
77585 

76970 
77128 
77285 
77442 
77598 

76983 
77141 
77298 
77455 
77611 

76996 
77154 
77312 
77468 
77624 

I 
I 
2 
3 
4 

45 
46 
47 
48 
49 

9.77637 
77792 
77947 
78101 

78254 

77650 
77805 
77960 
78113 
78266 

77663 
77818 
77972 
78126 
78279 

77676 
77831 
77985 
78139 
78292 

77689 
77844 
77998 
78152 
78305 

77702 
77857 
78011 
78164 
78817 

77715 
77870 
78024 
78177 
78830 

77728 
77882 
78087 
78190 
78348 

77741 
77895 
78049 
78203 
78355 

[77754 
77908 
78062 
78215 
78368 

77766 
77921 
78075 
78228 
78381 

77779 
77934 
78088 
78241 
78393 

i 

1 
2 
8 

4 

50 
51 
52 
53 
54 

9.78406 
78558 
78709 
78858 
79009 

78419 
78570 
78721 
78872 
79021 

78431 
78583 
78784 
78884 
79034 

78444 
78596 
78747 
78897 
79046 

78457 
78608 
78759 
78909 
79059 

78469 
78621 
78772 
78922 
79071 

78482 
78688 
78784 
78984 
79084 

78495 
78646 
78797 
78947 
79096 

78507  1  78520 
78659  78671 
78809  78622 
78959  78972 
79108  79121 

78533 
78684 
78884 
78984 
79138 

78545 
78696 
78847 
78997 
79146 

• 
1 
2 
3 
4 

55 
56 
57 
58 
59 

9-79158 
79306 
79454 
79601 
79748 

79170 
79319 
79466 
79613 
79760 

79183 
79331 
79479 
79626 
79772 

79195 
79348 
79491 
79688 
79784 

79208 
79356 
79503 
79650 
79796 

79220 
79868 
79515 
79662 
79808 

79282 
79380 
79528 
79674 
79821 

79245 
79393 
79540 
79687 
79883 

79257 
79405 
79552 
79699 
79845 

1  79269 
79417 
79564 
79711 
79857 

79282 
79480 
79577 
79723 
79869 

79294 
79442 
79589 
79735 
79881 

■ 
1 
2 
8 
4 

184 


TABLE    33. 
LogaritlimB  of  Apparent  Time  or  Horary  Angle. 


7  Hours. 


M 

Of 

5i 

lOf 

15b 

208 

258 

308 

358 

408 

45s 

50i 

«.|sl 

0 

9*79893 

79905 

79918 

79930 

79942 

79954 

79966 

79978 

79990 

80002 

80014 

80026 

1 

80038 

80050 

80063 

80075 

80087 

80099 

60111 

60123 

80135 

80147 

80159 

80171 

2 

80183 

80195 

80207 

80219 

80231 

80243 

80255 

80267 

80279 

80291 

803O3 

80315 

3 

80327 

80338 

80350 

80362 

80374 

80386 

80398 

80410 

80422 

60434 

80446 

S0458 

4 

80470 

80482 

80494 

80505 

80517 

80529 

80541 

80553 

80565 

80577 

80588 

80600 

5 

9*80612 

80624 

80636 

80648 

80660 

60671 

80683 

80695 

80707 

80719 

80730 

80742 

6 

80754 

80766 

80778 

80789 

80801 

60613 

80825 

80836 

60848 

80860 

80872 

80883 

7 

80895 

80907 

80919 

80930 

80942 

60954 

80966 

80977 

80989 

81001 

81012 

81024 

8 

81036 

81047 

81059 

81071 

61082 

61094 

61106 

61117 

81129 

81141 

81152 

81164 

9 

81176 

81187 

81199 

81211 

81222 

61234 

81245 

61257 

61269 

81280 

81292 

81303 

T^ 

10 

9-81315 

81326 

81338 

81350 

81361 

61373 

81364 

81396 

81407 

81419 

81430 

81442 

11 

81454 

81465 

81477 

81488 

81500 

81511 

61523 

61534 

61546 

81557 

81569 

81580 

12 

81592 

81603 

81614 

81626 

61637 

81649 

61660 

61672 

81683 

61695 

81706 

81717 

13 

81729 

81740 

81752 

81763 

61775 

81766 

61797 

81609 

81820 

81831 

81843 

81854 

14 

81866 

81877 

81888 

81900 

61911 

61922 

81934 

81945 

51956 

81968 

81979 

81990 1 

15 

9*82002 

82013 

82024 

82036 

82047 

82058 

82070 

82061 

82092 

82103 

82115  82126 

16 

82137 

82148 

82160 

82171 

62182 

62193 

62205 

82216 

62227 

62238 

82250  82261 

17 

82273 

82283 

82294 

82306 

62317 

62328 

62339 

62350 

82362 

62373 

82384  82395  ! 

18 

82406 

82417 

82429 

82440 

62451 

62462 

62473 

62484 

82495 

82507 

82518  82529  . 

19 

82540 

82551 

82562 

82573 

62564 

62595 

62606 

62618 

82629 

62640 

82651*82662  • 

• 

20 

9*82673 

82684 

82695 

82706 

82717 

62728 

82739 

82750 

82761 

82772 

82783 , 82794 

21 

82805 

82816 

82827 

82838 

82849 

82660 

62871 

62882 

62693 

62904 

82915  82926 

22 

82937 

82948 

82959 

82970 

62981 

62992 

6300^ 

63014 

83025 

83035 

83046 

83057  : 

23 

83068 

83079 

83090 

83101 

63112 

83123 

63134 

63144 

83155 

83166 

83177 

83188  : 

24 

83199 

83210 

83220 

83231 

63242 

83253 

83264 

63275 

83285 

83296 

83307 

83318  * 

8 

25 

9*83329 

83339 

83350 

83361 

83372 

63363 

63393 

83404 

83415 

83426 

83436 

83447 

26 

83458 

83469 

83479 

83490 

83501 

83512 

83522 

63533 

83544 

83555 

83565 

83576  : 

27 

83587 

83597 

83608 

83619 

83629 

83640 

63651 

63662 

83672 

83683 

83694 

83704  ! 

28 

83715 

83725 

83736 

83747 

63757 

83768 

63779 

83789 

83800 

83811 

83821 

83832  : 

29 

83842 

83853 

83864 

83874 

63885 

83895 

63906 

83916 

83927 

83938 

83948 

83959  ' 

^*^ 

30 

9-83969 

83980 

83990 

84001 

64011 

84022 

84033 

84043 

84054 

84064 

S4075 

84085 

31 

84096 

84106 

84117 

84127 

64138 

64148 

64159 

84169 

84179 

84190 

84200 

84211 

32 

84221 

84232 

84242 

84253 

64263 

64274 

64284 

84294 

64305 

84315 

84326 

84336  i 

33 

84346 

84357 

84367 

84378 

84388 

64398 

64409 

84419 

84430 

84440 

84450 

84461  ; 

34 

84471 

84481 

84492 

84502 

64512 

84523 

64533 

84543 

84554 

84564 

84574 

84565  < 

* t^ 

35 

9*84595 

84605 

84616 

84626 

64636 

84646 

84657 

64667 

84677 

84667 

84698 

84706 

36 

84718 

84729 

84739 

84749 

64759 

64769 

64780 

64790 

64800 

84610 

84B21 

84831 

37 

84841 

84851 

84861 

84872 

64882 

84892 

64902 

64912 

8492a 

84933 

84943 

84953 

38 

84963 

84973 

84984 

84994 

65004 

85014 

85024 

85034 

85044 

85054 

86065 

85075  . 

39 

85085 

85095 

85105 

85115 

65125 

65135 

85145 

65155 

85166 

85176 

65166 

85196 

40 

9-85206 

85216 

85226 

85236 

65^246 

85256 

85266 

65276 

85266 

85296 

85306 

85316 

41 

85326 

85336 

85346 

85356 

85366 

85376 

65386 

65396 

65406 

65416 

85426 

85436 

42 

85446 

85456 

85466 

85476 

85486 

85496 

65506 

85516 

65526 

65536 

85546 

85555  : 

43 

85565 

85575 

85585 

85595 

65605 

65615 

85625 

65635 

85645 

85654 

85664 

85674  : 

44 

85684 

85694 

85704 

85714 

85724 

85733 

65743 

65753 

85763 

85773 

65783 

85792 

45 

9-85802 

85812 

85822 

85832 

65841 

85851 

85861 

65671 

85881 

85890 

85900 

85910 

46 

85920 

85930 

85939 

85949 

85959 

65969 

65978 

65988 

85998 

66008 

86017 

86027 

47 

86037 

86046 

86056 

86066 

66076 

86085 

86095 

86105 

66114 

86124 

86134 

86143 

48 

86153 

86163 

86172 

86182 

66192 

66201 

86211 

66221 

86230 

86240 

66250 

86259 

49 

86269 

86279 

86288 

86298 

86307 

86317 

66327 

66336 

86346 

86356 

86365 

86375 

4     » 

50 

9*86384 

86394 

86403 

86413 

86423 

86432 

66442 

86451 

66461 

86470 

86480 

86489 

•   1 

51 

86499 

86509 

86518 

86528 

86537 

66547 

86556 

66566 

66575 

86585 

86594 

86604 

'  '  1 

52 

86613 

86623 

86632 

86642 

86651 

66661 

86670 

66679 

86689 

86698 

86708 

86717 

t     4  1 

53 

86727 

86736 

86746 

86755 

86764 

96774 

66783 

86793 

86802 

86812 

86821 

86830  . 

J  1 1 

54 

86840 

86849 

86858 

86868 

66877 

86887 

66896 

66905 

66915 

86924 

86933 

86943 

*  •  / 

55 

9*86952 

86962 

86971 

86980 

80990 

86999 

87008 

67018 

87027 

87036 

87045 

87055 

•   J 

56 

87064 

87073 

87083 

87092 

87101 

87111 

87120 

67129 

67138 

87148 

87157 

87166 

'  M 

57 

87175 

87185 

87194 

87203 

87212 

87222 

87231 

87240 

87249 

87259 

67268 

87277  ! 

t  «f 

58 

87286 

87295  87305  1 

87814 

87323 

87332 

87341 

67351 

67360 

87369 

67378 

87387  1 

>  '1 

59 

87396 

87406 

87416  I 

87424 

87433 

87442 

87451 

87460 

87470 

87479 

87488 

87497  ^ 

M 

TABLE  33. 
Logarithms  of  Apparent  Time,  or  Horary  Angle. 


18& 


8  Hoots. 


M 

<. 

5a 

lOt 

15i 

20a 

25i 

308 

35t 

408 

45a 

508 

558 

Pro. 

|)tS. 

0 

»-87506 

87515 

87524 

87534 

87543 

87552 

87561 

87570 

87579  '  87588 

87597 

87606 

8 

1 

87615 

87624 

87633 

87643 

87652 

87661 

87670 

87679 

87688  67697 

87706 

87715 

1 

a 

2 

87724 

87733 

87742 

87751 

87760 

87769 

87778 

87787 

67796  j  67805 

87814 

87823 

2 

4 

3 

87832 

87841 

87850 

87859 

87868 

87877 

87886 

87895 

67904  1  87913 

87921 

87930 

3 

5 

4 

87939 

87948 

87957 

87966 

87975 

87984 

87993 

88002 

88011 

' 88020 
88126 

B8029 

88038 

4 

7 

5 

9*88046 

88055 

88064 

88073 

88082 

88091 

88100 

88109 

88117 

88135 

88144 

8 

6 

88153 

88162 

88170 

88179 

88188 

88197 

88206 

88215 

68223 !  88232 

88241 

88250 

1 

9 

7 

88259 

88268 

88276 

88285 

88294 

88303 

88311 

88320 

88329  i  88338 

88346 

88355 

2 

4 

8 

88364 

88373 

88381 

88390 

88399 

88408 

88416 

88425 

88434 

88443 

88451 

88460 

3 

5 

9 

88469 

88478 

88486 

88495 

88503 

88512 

88521 

88530 

88538 

68547 

88556 

88565 

4 

7 

10 

9*88573 

88582 

88590 

88599 

88607 

88616 

88625 

68634 

88642  88651 

88659 

88668 

a 

U 

88677 

88686 

88694 

88703 

88711 

88720 

88728 

88737 

68745  68754 

68763 

86772 

1 

9 

12 

88780 

88789 

88797 

88806 

88814 

88823 

88831 

88840 

86846  88857 

88865 

88674 

2 

4 

13 

88882 

88891 

88899 

88908 

88916 

88925 

88933 

88942 

88950 

88959 

86967 

88976 

3 

5 

14 

88984 

88993 

89001 

89010 

89018 

89027 

89035 

89044 

89052 

69061 

89069 

89078 

4 

7 

15 

^89086 

69095 

89103 

89112 

89120 

89129 

89137 

69145 

69153 

89162 

89170 

69179 

a 

16 

89187 

89196 

89204 

89213 

89221 

89229 

89237 

69246 

69254 

69263 

89271 

89279 

1 

9 

17 

89287 

89296 

89304 

89313 

89321 

89330 

89338 

89346 

89354 

69363 

89371 

89379 

8 

4 

18 

89387 

89396 

89404 

89413 

89421 

89429 

89437 

69446 

89454 

89462 

89470 

69479 

3 

9 

19 

89487 

89495 

89503 

89512 

89520 

89528 

89536 

69545 

69553 

89561 

69569  89577 

4 

7 

20 

^89586 

89594 

89602 

89611 

89619  89627 

89635 

69643 

69651 

69660 

89666 

69676 

a 

21 

89684 

89693 

89701 

89709 

89717  89725 

89733 

89741 

89749 

69758 

89766 

89774 

1 

9 

22 

89782 

89790 

89798 

89807 

89815 

89823 

89831 

69839 

89847 

69655 

69663 

89871 

2 

8 

23 

89879 

89888 

89896 

89904 

89912 

89920 

89928 

69936 

69944 

89952 

89960 

89968 

3 

5 

24 

89976 

89984 

89992 

90000 

90008 

90016 

90024 

90032 

90040 

90048 

90056 

90064 

4 

6 

25 

9-90072 

90080 

90088 

90096 

90104 

90112 

90120 

90128 

90136 

90144 

90152 

90160 

a 

26 

90168 

90176 

90184 

90192 

90200 

90208 

90216 

90224 

90232 

90240 

90248 

90256 

1 

9 

27 

90263 

90271 

90279 

90287 

90295 

90303 

90311 

90319 

90327 

90335 

90342 

90350 

2 

9 

28 

90358 

90366 

90374 

90382 

90390 

90398 

90405 

90413 

90421 

90429 

90437 

90445 

3 

5 

29 

90452 

90460 

90468 

90476 

90484 

90492 

90499 

90507 

90515 

90523 

90531 

90589 

4 

6 

30 

9-90546 

90554 

90562 

90570 

90577 

90585 

90593 

90601 

90608 

90616 

90624 

90632 

a 

31 

90639 

90647 

90655 

90663 

90670 

90678 

90686 

90694 

90701 

90709 

90717 

90725 

I 

9 

32 

90732 

90740 

90747 

90755 

90763 

90771 

90778 

90766 

90794 

90802 

90809 

90817 

2 

B 

33 

90824 

90832 

90840 

90848 

90855 

90863 

90870 

90678 

90885 

90893 

90901 

90009 

8 

6 

34 

90916 

90924 

90931 

90939 

90946 

90954 

90962 

90970 

90977 

90985 

90992 

91000 

4 

6 

35 

9-91007 

91015 

91022 

91030 

91037 

91045 

91052 

91060 

91067 

91075 

91083 

91091 

a 

36 

91098 

91106 

91113 

91121 

91128 

91136 

91143 

91151 

91158 

91166 

91173 

91181 

1 

9 

37 

91188 

91196 

91203 

91211 

91218 

91226 

91233 

91241 

91248 

91255 

91262 

91270 

8 

9 

38 

91277 

91285 

91292 

91300 

91307 

91315 

91322 

91330 

91337 

91345 

91352 

91360 

3 

6 

39 

91367 

91374 

91381 

91389 

91396 

91404 

91411 

91419 

91426 

91433 

91440 

91448 

4 

6 

40 

9-91455  914631 

91470 

91478 

91485 

91492 

91499 

91507 

91514 

91522 

91529 

91536 

a 

41 

91543 

61551 

91558 

91566 

91573 

91580 

91587 

91595 

91602 

91609 

91616 

91624 

1 

9 

42 

91631 

91638 

91645 

91653 

91660 

91667 

91674 

91682 

91669 

91696 

91703 

91711 

2 

a 

43 

91718 

91725 

91732 

91740 

91747 

91754 

91761 

91769 

91776 

91763 

91790 

91798 

3 

0 

44 

91805 

91812 

91819 

91826 

91833 

91841 

91846 

91855 

91862 

91869 

91876 

91884 

4 

6 

45 

9-91891 

91898 

91905 

91912 

91919 

91927 

91934 

91941 

91948 

91955 

91962 

91969 

a 

46 

91976 

91984 

M991 

91998 

92005 

92012 

92019 

92026 

92033 

92040 

92047 

98054 

1 

1 

47 

92061 

92069 

92076 

92083 

92090 

92097 

92104 

92111 

92118 

92125 

92132 

92139 

2 

9 

48 

92146 

92153 

92160 

92167 

92174 

92181 

92188 

92195 

92202 

92209 

92216 

92223 

3 

4 

49 

92230 

92237 

92244 

92251 

92258 

92265 

92272 

92279 

92286 

92293 

92300 

92307 

4 

6 

50 

9-92314 

92321 

92328 

92335 

92342 

92349 

92355 

92362 

92369 

92376 

92383 

92390 

a 

51 

92397 

92404 

92411 

92418 

92425 

92432 

92438 

92445 

92452 

92459 

92466 

92473 

1 

1 

52 

92480 

92487 

92493 

92500 

92507 

92514 

92521 

92528 

92534 

92541 

92546 

92555 

2 

a 

53 

92562 

92569 

92575 

92582 

92589 

92596 

92603 

92610 

92616 

92623 

92630 

92637 

3 

4 

54 

92643 

92650 

92657 

92664 

92670 

92677 

92684 

92691 

92698 

92705 

92711 

92718 

4 

• 

55 

9-92725 

92732 

92738 

92745 

92751 

92758 

92765 

92772 

92778 

92785 

92792 

92799 

8 

56 

92805 

92812 

92819 

92826 

92832 

92839 

92845 

92852 

92859 

92866 

92872 

92879 

1 

1 

57 

92885 

92892 

92899 

92906 

92912 

92919 

92925 

92932 

92939 

92946 

92952 

92959 

2 

a 

58 

92965 

92972 

92978 

92985 

92992 

92999 

93005 

93012 

93018 

93025 

93031 

93038 

3 

4 

59 

93044 

93051 

93057 

93064 

93071 

93078 

93084 

93091 

98097 

93104 

93110 

93117 

i 

4 

B  b 

6 

186 


TABLE  84 
Logarithms  of  ihe  Apparent  Akitades  and  Horiaontal  Pandtax* 


Apparent  Altitude  5' 


Moon's  Horizontal  Pamllax. 


S3 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 


20 
21 
22 
23 
24 
26 
26 
27 
26 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
69 


1 


n7  RflOA' 


65' 


68935812 
68785797 


5703 
5689 
5674 
5660 
5646 
5793|5712;5632 
57795698  5618 


5836 
5821  5740 
6807  5726 


5765  5684  5604 
5761 5670  5590 
57375656!5676 
672356425562 
570956215548 
56965615,5535 
668^  5601 5521 
5668  5587>507 
5655  5674  5494 
564155605480 

S62^5647|5467 

5614 

5601 

5587 

5574 

6660 

6547 

6634 

6621 

6507 


5481 


5365 
5352 
5340 


5314 


5289 
5277 
5264 


5240 
5227 
5215 
5203 
5190 
5178 
5166 
5164 
5142 
6130 


53' 


56' 


57' 


6907(68265746 
5712 

57171 
686415783 
5860  5769 
5754 


5533,5453 
5620,5440 
5606  5426 
5493,5413 
54795399 
54666386 
5453,5373 
5440  6360 
5426  5346 


5494  54135333 


54005320 


5468  5387:5307 
5455  5374.5294 
5442  5361 ,5281 
5429  5348  5268 
5416  5335  6255 
5403  53225242 
5391  5310  5230 
5378  5297:5217 


52845204 
5271j5191 
5259,5179 


5327  5246 


5233 


5302  5221 


5208 
5196 
5183 


62625171 


5169 
5146 
5134 
5122 
5109 
5097 
5085 
5073 
5061 
5049 


54' 


5166 
5153 
5141 
5128 
5116 
5103 
5091 


5079 
5066 
5054 
5042 
5029 
5017 
5005 


5668  5591  6516 
5654  5577  5601 
5639  5562  5486 
5626  5548  6472 
561155345458 
5596,55195443 
5582  5505  5429 
5568;54915415 
5554!54775401 


55405463 


58' 


5387 


55265449  5373 

5512  5435  5359 

549815421  5345 

5484 

5470 

5457 

5443 

5429  5352  5276 

5416'53395263 

5402  5326  5249 


6407!533I 

5393 '531 7 

5380,5304 

5366  529015216 
5202 
5189 
5175 


5389 
5375 
5362 
5348 
5335 
5321 
5308 
5295 
5282 
5268 


6255 
5242 
5229 
5216 
5203 
5190 
5177 


5164  50875011 


5152 
5139 


5126 
5113 
5101 
5088 
5075 
5063 
5050 
5038 
5025 
5013 


5001 
4988 
4976 
4964 
4951 
4939 
4927 


4993;4915 
49814903 
4969  4891 


66'  56' 


5312  5236 
5298  5222 
5285  5209 
5271  5195 
52585182 
5243  5167 


5231  5155  5081 


5218  5142 
5205  5129 
51915115 


517851025028 


5152  5076 
51395063 
51266050 
5113  503714963 
51005024  4950 


5075  4999 


59' 


5441 
5427 
5412 
5398 
5384 
5369 
5355 
5341 
5327 
5313 


5299 
5285 
5271 
5257 
5243 
5230 


5162 
5148 
5135 
5121 
5108 
5093 


5068 
5055 
5041 


51665089  5015  4942  4870 


5002 


4976 


4937 
4925 


5062  4986  4912 


50494973,4901 
5036  4960  4886 
5024  4948  4874 
50114935  4861 
4998  4922  4848 
498649104836 
4973  4897  4823 
4961:4885  4811 
494848724798 


60'  61' 


5368 
5354 
5339 
5325 
5311 
5296 
5282 
5268 
5254 
5240 


5226 
5212 
5198 
5184 
5170 
5157 
5143 
5129 
5116 
5102 


5296 
5282 
5267 
5253 
5239 
5224 
5210 
5196 
5182 
5178 


5089 
5075 
5062 
5048 
5035 
5020 
5008 
4995 


4982  4910 


4968 


4955 


4929 


4989M916  4844 


4903 
4890 
4877 
4864 
4852 
4839 


49364860 


4924 
4911 
4899 
4887 
4874 
4862 
4850 
4838 


57' 


4848 
4835 
4823 
4811 
4798 
4786 
4774 
4762 


4786 


4774 
4761 
4749 
4737 
4724 
4712 


4828 
4813 
4801 
4788 
4775 
4763 
4750 
4738 
4725 
4713 


4701 
4068 
4676 
4664 
4651 
4639 


5164 
5150 
5136 
5112 
5098 
5085 
5071 
5057 
5044 
5030 


5017 
5003 
4990 
4976 
4963 
4948 
4936 
4923 


4896 


4883 


4857 


4831 
4818 
4805 
4792 
4780 
4767 


4756 
4741 
4729 
4716 
4703 
4691 
4678 
4666 
4653 
4641 


4629 
4616 
4604 
4592 
4579 
4567 
4556 
4543 
4531 
4738l4664;459ll4619 


47004627 
4688'4615 


4824  4750|4676'4603 
4$i4 


58M  59n  60'  61' 


Apparent  Ahitode  6"* 


Moon's  Uorizoatil  ^nllaz. 


53' 


5118 
5106 
5094 
6082 
5070 
5058 
5046 
5034 
5023 
5011 


4999 
4987 
4975 
4964 
4953 
4941 
4930 
4918 
4907 
4895 


4884 
4872 
4861 
4850 
4838 
4827 
4816 
4805 
4794 
4783 


4771 


4749 
4738 
4727 
4716 
4705 
4694 
4684 
4673 


54' 


6037 
5025 
5013 
5001 
4989 
4977 
4965 
4953 
4942 
4930 


4918 
4906 
4894 
4883 
4872 
4860 
4849 
4837 
4826 
4814 


55' 


4957 
4945 
4933 
4921 
4909 
4897 
4885 
4873 
4862 
4850 


4838 


48264748 
4814  4736 
4803  4725 
4792  4714 


4780  47024625  4649  4475 


4803 
4791 
4780 
4769 
4757 
4746 
4735 
4724 
4713 
4702 


4769 
4757 
4746 


4734  4656 


4723 
4711 


47004622 


4689 
4677 
4666 
4655 
4644 
4633 
4622 


47604679 


4690  4610 
4599 


4668 
4657 
4646 
4635 
4624 
4613 
4603 
4592 


4588 
4577 
4566 
4555 
4544 
4533 
4523 
4512 


4619 
4608 
4598 
4587 
4576 
4566 


4555 
4545 
4534 
4524 
4613 
4603 
4492 
4482 
4472 
4461 


53' 


4662 
4651 
4640 
46304549i4469 


4538 
4527 
4517 
4506 
4495 
4485 


458114501  4423 
457044904412 
4559(44794402 
4391 
4380 
4369 
4359 
4348 
4337 
4327 


4458 
4447 
4437 
4426 
4415 
4405 


4394 


4373 


4432 
4422 
4411 
4401 
4391 
4380 


4352 
4342 
4331 
4321 
4311 


54'  55' 


56' 


4879 


4855 
4843 
4831 


67' 


4802  4726465245 


486747904714 


4778  4702  4628  455 
4766  4690  4616  454SI44 


4764 


4819  4  742  4666  4592  4519^44 


4807 
4795 
4784 
4772^4696 


4730 
4718 
4707 


4760 


4691 
4679 
4668 


4614 
^6794602 


4645 
4633 


4611 
4599 
4588 
4577 
4566 
4555 
4544 


4532 
4521 


4499 
4488 
4477 
4466 
4455 
4445 
4434 


4683  4607  4533  4460 


4671 
4659 
4648 
4637 


4591  4516 


4579 


4568  449244184345 


4556 


4545  4469 


4406433342611  21 

4322'425Q|  22 

4311^42391  23 

4522  4446i4372  4299  42271  24 


4534 
4522 
4511 


4500  4424 
44894413 


4478 


4467  4391 4317 


4456 
4444 


4422 


4367 


4303 
4292 


4384  4306  4229 


4474 
4464 
4463 
444314363  4285!4208l4132:4058|3986 


42744197 


40904016 

40804006 

4300{4222;4146|4069!3996 


66  67' 


58' 


4678  4604 


4654  4580  4507 
4642  4568  449544 


4631 


4619  4545  4471 


4596 
4583 
4672 
4661 


4638  4464  439l{43l 
4526  4462  4379*430 


4603 


4480 
4469 
4468 


4402 


4379 
4368 


4510  4433  4367  4283  4210  41 


44114336 


4368  4292 


4270 


59' 


464014567  44 


4557  4484  441 


4521 


4509  4436: 
4498  4425 


4487  44144341 


4441 


436841 


442943564! 


4395 
4384 


4436  4361  4288  421 


434642724199.41 


4400 
4389 
4378}4302i4228i4156'40^ 


4218 


4281 4207 


419641234051 


4346 
4335 
4324 
4314J423814164I4091 


4531445' 


61' 


4448 


4: 

4: 
4402!4: 


43504277,4205  26 
433942664194  27 
4328  42554183  28 


4244417S 


4305  4232  41< 
4294  422l|4 141 


41881411 


4261 
4260K177J41 


4324 

431314239(4 166|4094j 


4145J4073 
41344062 


^26914185  41124040 
42484174141014029 

U019 
40804001 


4227  4153 

4216414240693997 
428214206  413:^4059,3987 
4271 419614121 
4260 
4250 


4048|3976 
4184  4110  4037:3965 
417441004027^3956 


431614239  4163  4089  4016:3944 


4163|4079 


4295  4218  4142  4068  3996  3928 


41214047 


411140373964 


4264,4187 

425341 7614100  4026|3963;3881 

42434166 

42334166 


68' I  69' 


e 


4006J3934 


3974 


39433871 
39333861 
3922.38501 


ooTor 


50 
51 
52 
63 
64 
66 
66 
67 
58 
69 


m 


TABLE  84 
Iiogviihmi  of  the  Apparent  Altitadec 


Apparent  Altitude  T 


Apparent  Altitude  8* 


Ifoon't  HorisontBl  Parallax. 


53' 


4451 
'4441 
-4431 


1-44204339 
1-44104329 
1*4400 
1  -4390 


34' 


4370  4290  4212  4135  4059  3985 


436042804202 


4350 
4339 
4329 
4319 


4259 
4249 
4239 


4309  4229 
438014299  4219 


4370  4289  4209  4131 40543978 


1  -4359  4278  4198 


'43494268 

-4339U258|4178|4100 
•43294248  4168  4090 


4319 
-4309 


4290 
4280 


4238 


4228  4148 


4299t4218  4138  4060  3983 


4209  41294051 


41994119404113964 


-427014189 
'4260.4179 


4109 
4099 


1-4250416914089 

1  -4240|4159 
•42304149 
•4221 
•4211 

1  -4201 

1  •4192|4111|4031 
•418241014021 
•417240914011 
•41634082  4002 


4153 


41434062 
4134405313973 
-4124.40433963 
-4115  4034  3954 
-4 105*4024  3944 


-4096:4015 


-4086,4005 
-40773996 
40683987 


I 


I 


1 


-40583977 
'40493968 


1-4039.3958  38783800 


'40303949 
'4021 


55' 


42704192 


4 188141 10J4033  3957 
3947 
3937 
3927 


4158 


4140 
413014050 


4072  3992 
3982 


56' 


4181 
4171 
4161 


41514074 


4141 


4070 


57'  58' 


4125  4049  3975 
4115*4039  3965 
4104|4028|3954 
40944018 
408414008 


4064 


3998 
3988 


412040433967 


4023 
4013 
4080  4003 


3993 


3974 


4031 
4021 


3934 


4001  3924 
3991 3914 


4011 
4079 
4069 
4060|3982|3905 

3972  3895 
^1201404013962 


3953 
3943 


3885 
3876 
3866 


3933  3856 


3924 


3935 
3925 
3916 
3907 


3904 
3895 
3885 
3876 
3866 
3857 
3847 
3838 
3829 


3897 


3954 
3944 


3917 
3907 
3898 
3888 
3878 
3868 


3847 


3914  3837 


3827 
3818 
3808 
3799 
3789 
3780 
3770 
3761 
3752 


3819 


38883810 


3944 
3934 
3924 
3914 
3904 
3893 


3883:38103738 
38733800  3728 
38633790  3718 
385337803708 
384337703698 
383337603688 
3824  3751  3679 


3858 
3848 
3838 
3829 
3819 
3809 
3800 
3790 
3780 
3771 


3761 
3751 
3742 
3732 
3723 
3713 
3704 
3694 
3685 
3676 


59' 


60' 


3912 
3902 
3892 
3881 
3871 
3861 
3851 
3841 
3831 
3820 


3840 
3830 
3820 
3809 
3799 
3789 
3779 
3769 
3759 
3748 


38143741 
3804  3731 
3794^3721 


37843711 
3774*3701 
3764*3691 
37553682 
3745|3672 
373513662 
3726:3653 
37163643 
37063633 


61' 


3669 
3659 
3649 


Moon's  Horizontal  Parallax. 


53' 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


3874 
3865 
3857 
-3848 
3839 
3830 
3821 
3812 
3803 
3794 


3793 
3784 
3776 
3767 
3758 
3749 
3740 
3731 
3722 
3713 


'3785  3704 
•37773696 


-3768 
'3759 
•3750 
•3742 
•3733 
'3724 
•3716 
•3707 


3639 
3629 
3619 
3610 
3600 
3590 
3581 
3571 
3561 


3697,362413552 


3687,361413542 


3677:3604 
3668  3595 
3658  3585 
3649|3576 
36393566 
3630(3557 
3620,3547 
36113538 
36023529 


3532 
3523 
3513 
3504 
3494 
3485 
3475 
3466 
3457 


•3698 
•3690 
•3681 
•3673 
•3664 
-3655 
•3647 
•3538 
3630 


54'  55' 


3687 
3678 
3669 
3661 
3652 
3643 
3635 
3626 


3713 
3704 
3696 
3687 
3678 
3669 
3660 
3651 
3642 
3633 


3624 
3616 
3607 
3598 
3589 
3581 
3572 
3563 
3555 


3617 
3609 


3537 
3529 


36003520 


3592  35123434 
3583  3503  3425 
35743494 
3566  3486  3408 
3557,3477  3399 


3549.3469 


'36213540  3460 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


3613 
3604 
3596 
-3588 
3579 


35323452 
35233443 
3515,3435 
3507,3427 
3498.3418 


35713490,3410 
356334823402 
3554  34733393 
3546  3465  3385 
353834573377 


56' 


3635  3558 
36263549^473:3399 


3618 
3609 


3600  3523 


3591 
3582 
3573 
3564 
3555 


35463469 


3538 
3529 
3520 


3443 


35113434 
3503  3426 


3494 
3485 
3477 
354613468 


3459 
3451 


3391 
3382 


3374 
3365 
3357 
3349 
3340 
3332 
3324 
3315 
3307 
3299 


57' 


3541 
3532 


3514 
3505 
3496 
34871341113337 


3478 


3461 


3417 
3408 
3400 
3391 


3382 
3374 


34423365 


58' 


59' 


3482  3408 


3465  3391 
3456*3382 
3447^3373 
3438  3364 
3429*3355 
3420i3346 


3402*3328 


3393:3319 
3385  3311 


3452  3376 


3367 
3358 
3350 
3341 
3332 
3324 
3315 


3302 
3293 
3284 
3276 
3267 
3258 
3250 
3241 


3306 
3298 
3289 


335713281 


3348 

34163339 

3331 


3272 
3263 
3255 


3322  3246 


3314 
3305 


32383164 


3229 


•4011 
•4002 
'3993,3912 
•3984  3903 


38693791 
3940  38603782 
393038503772 
39213841376313686 


'3974 


1 


1 

) 

to 

4 

5 
6 
7 

fl 

911 


•3965 
•3956 
•3947 
-3938 


3893 


3832,3754 
3823  3745 
3813,3735 


3884 
3875 
3866 
3857 


-39293848 
•3920  3839 
•39113830 
'3901  3820 


•3892 
3883 

53' 


3723 
3714 

3705 
3695 


38043726 
3795;3717 
3786.3708 


3677 
3668 
3658 


3742  3666  3592  3519|3447 
3733  3657  3583:3510|3438 
3647  3573  3500,3428 
3638  3564  3491  ;34 19 
3629  3555!3482,3410 
3619  3545  3472,3400 
3610  35363463  3391 
3601*352713454  3382 
3592  3518'3445  3373 
3582'3508:3435  3363 


3297 
3288 
3279 
3272 
3263 
3255 
3247 
3238 
3230 
222 


3221 
3212 


,1^ 


32903213 
32823205 


•3529,3448  3368 
'35213440  3360 
3513  3432  3352:3274;3197 
•3504|3423  3343|3265l3188 
•3496,3415  3335  3257,3180 
•3488;3407  3327  3249  3172 
•3480  3399  3319  3241 3164 
•3472'3391'3311  32333156 


3232 
3224 
3215 
3207 
3198 
3189 
3181 
3172 


60' 


3335 
3326 
3318 
3309 
3300 
3291 
3282 
3273 
3264 
3255 


3246 
3238 
3229 
3220 
3211 
3203 
3194 
3185 
3177 
31681309^ 


3155 


3147 
3138 


3159 
3151 
3142 


3125 
3116 


3087 
3079 
3070 


3134  3062 


3053 
3044 


31083036 
3099  3027 
30913019 
3082  3010 


3074,3002 
30652993 


3203  3129  3056  2984 
3196  3122  3049  2977 
3187  311330402968 
31793105  3032  2960 
317130973024  2952 
3162  3088  30152943 
31543080  3007  2935 
3146*3072  29992927 


•3463  3382  3302<3224  3147 
■3455'3374'3294,32163139 


31373063  2990,2918 
3129,3055  2982*2910 
31213047,2974:2902 
3112  3038  2965  2893 
31043030  2957*2885 
3096'3022'2949!2877 
3088*3014  29412869 
30803006  29332861 
307i:2997!2924|2852 
3063  2989  29162844 


3649  3573  3499,3426 


3354 


36403564  3490,3417  3345 


3631 


37773699  3622 
3768  3690 
37593681 
3750.3672 
3740.3662 


3555,3481,3408 

354634723399 

36131353734633390 


3604 
3595 
3585 


381137313653 
3802^72213644 

54'  I  55'  I  56' 


356: 


57' 


3528 
3519 
3509 


3576  3500 


34543381 
34453372 
3435  3362 
34263353  3281 


3491 


3417  3344 


58' 


3336 
3327 
3318 
3309 
3300 
3290 


1  •344713366328632083131 
~  343933583278  32003123 


3272 


59'  I  60' 


61' 


34313350  3270  3192;3115 

-3423  3342  3262,3184  3107  3031  2957  2884  28121  53 

•341 5  3334  3254  31 76  3099  3023  2949  2876  2804  54 


•3407,3326  3246,31 68|3091 
•3399,3318  3238,3160,3083 
•3391 3310  3230,3152  3075 
'3383  3302  3222  31443067 
•3375  3294  3214131363059 


3055  2981,2908,2836 
3047'2973  2900  2828 
3039  2965  2892  2820 


3015  2941,2868  2796  55 
;007  2933  28602788 
29D9  2925  2852  2780 
29912917  2844  2772 
2983'2900.2836'2764 


53'  I  54'1  Sft^lW)  57' 


58' I  59'|  60'|  61 


72 


TABLE    84 

LogarithmB  of  the  Apparent  Altitudes  and  Horiwntal  Panllaz. 


TABLE  34 
LogarithmB  of  the  Apparent  Altitudei 


189 


Apparent  Altitude  11' 


Mooo'f  Horixontal  Parallax. 


53'      54' 


23432265 
72337 


225912182 

2252 

224612169 


2188 
2182 
2174 


2112 
2106 
2098 
2093 


2317  2239  2162  2086 


2504*2423 

2498  241 

2491241012330 

2185  2404  2324 

2478  2397 

2472'2391 

2465|2384 

2459  2378b2298 

2452  2371  2291|2213|2136|2060 

2446  2365  2285  2207  2130  2054 


2311 
2304 


2440 
2433 

2427 
2420 
2414 

2408 


2352 
2346 


23392259 


233322532175  2098 


2327 


24012320 
2395'2314 
23892308 
2382  2301{2221 


2295  2215 


2376 

2370  2289|2209 

236322822202 

2337  22762196 


2351  2270 
2345;2264 
2338  2257 
2332 

2326  2245 
2320.2239 


2314  22332153 
2307;22262146 
230122202140,2062 


220b  2214 
2280  2208 


55' 


2266 


2247 
2240 
2234 
2228 


56' 


2226 


57' 


2233  2156  2080 


2149 


2220  2143  2067 


58' 


2073 


59' 


2038 
2032 
2024 
2019 
2012 
2006 
1999 
1993 
1986 
1980 


22722194  2117 


2188 
2181 


211 


2169 
216212085 
2156  2079 


2150 
2143 


2073 
2066 


2359|2279|2201|2124|2048  1974 

2041 1967 

1  2035  1961 

2104  2028 1954 

2022  1948 

2092  2016 1942 

2009  1935 

2003  1929 

1997  1923 

19901916 

1984  1910 
1978  1904 
1971 1897 
19651891 
1959  1885 
1953 1879 
1946  1872 
1940 1866 
1934  I860 
1928  1854 


2137 

2131 

2124 

2118 

2190|2112 

21842106 

21772099 

22512171:2093 

2165*2087 

21592081 

2075 
2068 


2134,2056 
21282050 


2283  2202  2122t2044 

2276  2195 

2270  2189 

22612183 

22ri8  2177|2097;2019 


2115  2039 
21092031 
2103,2025 


2252  2171  2091|2013 
22162165  2085  2007 


2240  2159  2079 
2233  21522072 
2227  2146!2066 
222121402060 
2215  2134  2054 
2209  21282048 
2203  21222042 
2197  21162036 


2191 
2185 
2179 
2173 
'J\fi7 
2161 
2155 
21(9 
2113 

2\:'u 


2104 
2098 
2092 


2080 
2074 
2068 
2062 
205 


2001 
1994 
1988 
1982 
1976 
1970 
1964 
1958 


21102030 


2024 
2018 
2012 


20862006 


i)o 


5056 


2000 
1994 
1988 
1962 
1976 


55* 


1952 
1946 
1940 
1934 
1928 
1922 
1916 
1910 
1904 
1898 


56' 


2060 
2054 
2047 
2041 
2035 
2029 
2022 
2016 
2010 
2004 

1998 
1991 
1985 
1979 
1973 
1967 
1960 
1954 
1948 
1942 


1936 
1930 
1924 
1917 
1911 
1905 
1899 
1893 
1887 
1881 


1875 
1869 
1863 
1857 
1851 
1845 
1839 
1833 
1827 
1821 


57' 


60' 


1965 
1959 
1951 
1946 
1939 
1933 
1926 


1920 1848 


1913 
1907 


1922  1848 
19151841 
1909  1835 
1903  1829 
1897  1823 
18911817 
1884  1810 
1878  1804 
18721798 
18661792 


18601786 
1853  1779 
18481774 
1841  1767 
18351761 
18291755 
1823  1749 
18171743 
18111737 
18051731 


1799 
1793 
1787 
1781 
1775 
1769 
1763 
1757 
1751 
1745 


58' 


1901 
1894 
1888 
1881 
1875 
1869 
1862 
1856 
1850 
1843 

1837 
1831 
1824 
1818 
1812 


61' 


1893 
1887 
1880 
1874 
1867 
1861 
1854 


1841 
1835 


1829 
1822 
1816 
1809 
1803 
1797 
1790 
1784 
1778 
1771 


1765 
1759 
1752 
1746 
1740 
1806' 1 734 
1799,1727 
17931721 
17871715 
178l|l709 


1775;i703 
1768,1696 
1762;  1690 
17561684 
17501678 
17441672 
17371665 
17311659 
17251653 
17191647 


17131641 
17061634 
17011629 
1694  1622 
16881616 
16821610 
1676 1604 
16701598 
1664  1592 
1658 1586 


1725  1652,1580 
171916461574 
171316401568 
17071634;i562 
170116281556 
169516221550 
168916161544 
168316101538 
1677  1604  1532 
1671 15981526 


Apparent  Altitude  12' 


Moon's  Horixontal  Pluallax. 


53' 


KA* 


54 


59' 


60' I  61'  \ 


•2131 
•2125 
•2119 
•2113 
•2108 
•2102 
•2096 
•2090 
-2084 
•2078 


•2072 
•2066 
-2060 
•2055 


•2049 1968 
•2043 1962 


2037 
'2031 
'2026 
•2020 


•2014 
'2008 
•2002 
•1997 
•1991 
•1985 
•1979 
•1974 
•H68 
•1962 


2050 
2044 
2038 
2032 
2027 
2021 
2015 
2009 
2003 
1997 


55' 


1970 
1964 
1958 


1952  1874 


1947 
1941 
1935 
1928 


1917 


1991 
1985 
1979 
1974 


1956 
1950 
1945 
1939 


1933 
1927 
1921 
1916 
1910 
1904 
1898 
1893 
1887 
1881 


1957 
1951 
•1945 
•1940 


1876 
1870 
1864 
1859 


1934  1853 


1928 
1923 
1917 
1911 
1906 


1847 
1842 
1836 
1830 
1825 


1900 

1894 

1889 

1883 

1878 

•1872 

1866 

•1861 

•1855 

•1850 


•1844 
-1839 
•1833 
•1828 
•1822 
•1817 
1811 
•1806 
•1800 
•1795 


53' 


1763 
1758 
1752 
1747 
1741 
1736 
1730 
1725 
1719 
1714 


54' 


1911 
1905 
1899 
1894 
1888 
1882 
1876 
1870 


56' 


1892 
1886 
1880 


57' 


1869 
1863 
1857 
1850 


1923 1645 


1839 


1833 
1827 
1821 
1816 
1810 
1804 
1798 
1792 


1815 
1809 
1803 
1797 
1792 
1786 
1780 
1773 
1768 
1762 


58' 


18651787 
18591781 


18531775 
1847:1769 
184l|l763 
18361758 
1830,1752 
18241746 
18181740 
18131735 
1807|1729 
18011723 


1796,1718 
17901712 
17841706 
17791701 
1773,1695 
1767!  1689 
1762,1684 
17561678 
1750,1672 
17451667 


1819 

1813 

1808 

1802 

1797 

1791 

1785 

178011700 

1774 

1769 


17391661 
1733  1655 
17281650 
17221644 


1717 
1711 
1705 


1694 
1689 


1683 
1678 
1672 
1667 
1661 


1650 
1645 
1639 
1634 


55' 


1639 
1633 
1627 
1622 
1616 
1611 


1605 
1600 
1594 
1589 
1583 


1656 1578 


1572 
1567 
1561 
1556 


56^ 


1756 
1750 
1744 
1739 
1733 
1727 
1721 
1715 
1710 
1704 


1698 
1692 
1686 
1681 
1675 
1669 
1663 
1658 
1652 
1646 

1641 
1635 
1629 
1624 
1618 
1612 
1607 
1601 
1595 
1590 


1584 
1578 
1573 
1567 
1562 
1556 
1550^ 
1545 
1539 
1534 


1739 
1733 
1727 
1721 
1716 
1710 
1704 
1697 
1692 
1686 


59' 


1680 
1674 
1668 
1663 
1657 
1651 
1645 
1639 
1634 
1628 


1665 
1659 
1653 
1647 
1642 
1636 
1630 
1623 
1618 
1612 


60' 


1606 


1594 
1589 
1583 
1577 
1571 
1565 
1560 
1554 


1592 
1586 
1580 
1574 
1569 
1563 
1557 
1550 
1545 
1539 


61' 


1533 


1600 1627 


1521 
1516 


1504 
1498 
1492 
1487 
1481 


162215481475 


1616 
1610 
1605 
1599 
1593 
1587 
1582 
1576 
1570 


15421467 


1536 


1463 


1520 
1514 
1508 
1502 
1497 
1491 
1485 
1478 
1473 
1467 


1461 
1455 
1449 
1444 


1510 1438 


or 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


1432 
1426 
1420 
1415 
1409 


1403 
1397 
1391 
1386 
1380 


1531  1458 
1525  1452 
1519  14461374 
1513  1440  1368 
1508  1435  1363 
150214291357 
149614231351 


1565 
1559 
1553 
1548 


1491 
1485 


14181346 
14121340 


1479:1406 1334 
14741401  1329 

1542  14681395  1323 

15361462*13891317 

1531 

1525 


14621389 

1457!l384!l312 

145113781306 


15191445  1372 
151414401367 


1300 
1295 


1508  143413611280 
1502142813551283 
1497142313501278 


14911417 
14861412 


1344 
1339 


1528 
1523 
1517 
1512 
1506 
1501 
1495 
1490 
1484 
1479 


57' 


148014061333 
14741400,1327 
14691395,1322 
146313891316 


1453  1384 


1311 


1272 
1267 
1261 
1255 
1250 
1244 
1239 


1452  1378 
14471373 
14411367 
1436 1362 
1430 1356 
14251351 
14191345 
14141340 
1408  1334 


1305 

1300 

1294 

1289 

1283 

1278 

12721200 

12671195 

1261119( 


1233 
1228 
1222 
1217 
1211 
120(fi 


1403  132912561184 
58' I  59'1  60'i  or 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


P.P. 
to 
"of 
Par. 


-0 
1 
3 
4 
5 
6 
8 
9 
10 
11 


13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


25 
27 
28 
29 
30 
32 
33 
34 
35 

IL 
38 

39 
41 
42 
43 
44 
45 
47 
48 
49 


51 
52 
53 
54 
56 
57 
58 
59 
61 
62 


63 
64 
66 
67 
68 
69 
71 
72 
73 
74 


TABLE  a4 
Logarithms  of  the  Apparent  Altitudes  and  Horiasontal  Parallax. 
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Apparent  Altitude  15' 


Moon'f  Uoriiontal  Ftenllax. 


53' 


1180 
1175 
1171 
1166 
1161 
1157 
1152 
1147 
1143 
1138 


1133 
1128 
1124 
1119 
1115 
1110 
1105 
1101 
1096 
1091 


54' 


1099 
1094 
1090] 
1085 
1080 
1076 
1071 
1066 
1062 
1057 


55' I  56' I  57'  I  58' 159'  60' 


1019  0941  0864  0788  0714  0641 
1014  0936  0859  0783  0709  0636 


61' 


1010  0932  0855  0779^0705 


1005  0927  0850  077410700 
1000  0922  0845  0769  0695 
09960918|0841  0765  0691 
0991 0913  0835  07590685 
09860908  0831  07550681  0608 
09820904  0827,0751 0677!o604 
0977  0899  08220746  0672  0599 


0632 
0627 
0622 
0618 
0612 


1052 


1047  0967,0889  0812  0736  0662|0589 


1087 
1082 
1078 
1073 
1068 
1064 
1059 


1050 


1043 
1038 
1034 
1029 
1024 
1020 
1015 
1010 


09720894  0817,0741,0667,0594 


0963  0885  0808  0732  0658 
0958,0880,0803l0727i0653 


095408760799 
094908710794 
094408660789 
O940'0862;0785 
09350857j0780 
0930.0852:0775 


1006  0926 
1001  0921 
099700170839 
0992  09120834 
0987  0907  0829 
098309030825 
0978,08980820 


08480771 
0843j0766 
0762 
0757 
0752 
0748 
0743 


1055  09740894  08160739 


0969  08890811 


1046  096508850807 


10410960 


1036 
1032 
1027 
1023 
1018 
1014 
1009 


0955i0875,0797 


0880,0802 


095108710793 
0946  0866  0788 
094208620784 
093708570779 
0933|0853  0775 
0928:0848  0770 


1005|0924, 0844  0766 


1000 


0996 
0991 
0987 
0982 
0978 
0973 
0069 
0964 
0960 
0955 


0919 


0915 
0911 


0906  08260748 


0901 


0897  0817  0739  0662  0586,0512  0439 


0951 
0946 
0942 
0938 
0933 
0929 
0924 
0920 
0915 
0911 


53' 


08390761 


0835  0757 
0831 0753 


0821 0743 


0892  08120734 
0888  08080730 
0883  08030725 
0879  0799  0721 
0874  0794  0716 


0870  07900712 
0865  0785  0707 
086107810703 
0857  07770699 
0852  0772,0694 
0848  0768,0690 
0843  0763,0685 
0839  0759;0681 
0834  0754;0676 
0830  07500672 


0734 
0730 


0723  0649 
0718,0644 
0713  0639 
0709  0635 
0704  0630 
0699  0625 


0695  0621 
0690,0616 
0686,0612 
0681 0607 
06760602 
06720598 
0667  0593 
06630589 
0658  0584 
06540580 


0569 
0564 
0560 
0555 
0550 
0546 
0540 
0536 
0532 
0527 


0522 
0517 
0513 
0508 
0504 
0499 
0494 
0490 


0585 

0580 

0576 

0571 

0566 

0562 

055710485 

0552  0480 


0725,0649  0575 
0720,0644  0570 
0716;06400566 
07110635  0561 
0707,0631  0557 
0702  0626  0542 
0698  0622  0548 
0693;0617  0543 
0689,0613:0539 
0684  06080534 


0680,0604 
0675  0599 


0548 
0543 
0539 
0534 
0529 
0525 
0520 
0516 
0511 
0507 


0502 
0497 
0493 
0488 
0484 
0479 
0475 
0470 
0466 
0461 


0476 
0471 
0467 
0462 
0457 
0453 
0448 
0444 
0439 
0435 


0530,0457 
052510452 


0671.0595105210448 
0665  0589,0515  0442 


0657:0581  0507|0434 
065305770503,0430 
0648,0572,04980425 
0644;05680494;0421 
0639,05630489,0416 


0635,0559,0485,0412 


0430 
0425 
0421 
0416 
0412 
0407 
0403 
0398 
0394 
0389 


0385 
0380 
0376 
0370 
0367 
0362 
0358 
0353 
0349 
0344 


0340 


06300554  0480,0407  0335 


0625 
0622 
0617 
0613 
0608 
0604 
0599 
0595 


0549,0475.0402 


0546  0472  0399  0327 


64  [  55'  I  56'  [5r  I  58'  (  59'  |  60' 


0541104670394 
0537,04630390 
0532,04580385 
0528  0454  0381 
0523  0449,0376 
05190445  0372 


0330 


0322 
0318 
0313 
0309 
0304 
0300 


Apparent  Altitude  16* 


Moon's  HoriBontal  Parallax. 


53'     154' 


•0907  0826 
•0902  0821 
•0898:0817 
•0893,0812 
•08890808 
•08850804 
•08800799 


0876 
0872 
-0867 


•0863 
•0858 
•0854 
0850 
■0845 
0841 
0837 
0832 
0828 
0824 


0795 
0791 
0786 


55'  56' 157'  58'  59'  I  60' 


0782 
0777 
0773 


0769  0689 


0819 
0815 
0811 


0798 
0794 


•0777 
•0772 
•0768 
•0764 
•0760 
•0755 
•0751 
•0747 
•0743 
•0738 


0764 
0760 
0756 
0751 
0747 
0743 


0738 
0734 
0730 


08070726 
08020721 


0717 
0713 


0789  0708 

0785 

0781 


074606680591 
074106630586 
0737!06590582 
0732,06540577 
0728  06500573 
072406460569 
0719  06410564 
071506370560 
071106330556 
0706  06280551 


0515  04410368 
051004360363 
0506  0432  0359 
050104270354 
0497  0423  0350 
049304190346 
04880414  0341 
0484  04100337 
0480  0406'0333 
0475  04010328 


0702 
0697 
0693 


61 


0684 
0680 
0676 
0671 
0667 
0663 


0658 
0654 
0650 
0646 
0641 
0637 
0633 
0628 
070410624 
0700  0620 


0572 
0568 
0563 
0559 
0555 


0696 
0691 
0687 
0683 


0616 
0611 


060705290452 


0603 
0679!0599 
0674  0594 
0670,0590 
06660586 
0662,0582 
06570577 


•0734 
•0730 
•0726 
•0722 
•0717 
•0713 
•0709 
•0705 
•0701 
•0696 


06530573 
0649  0569 
0645  0565 
06410561 


0636 


0556 


0632;0552 
0628;0548 
0624  0544 
06200540 


0615 


06920611 
0688,0607 
0684  0603 
0680,0599 
06760595 


0535 


0531 


0671 
0667 
0663 
0659 


0590 
0586 
0582 
0578 


0655.0574 


61'  I  53'  I  54' 


0506 
0502 
0498 
0494 


56' 


0624 
0619 
0615 
0611 
0606 
0602 
0598 
0593 
0589 
0585 


0580 


05760499 


0550*0473 
05460469 
05420465 


0538 
0533 


0525 
0521 


0508 
0504 
0499 


0495 
0491 
0487 
0483 
0478 
0474 


0547 
0542 
0538 
0534 
0529 
0525 
0521 
0516 
0512 
0508 


0503 


0495 
0491 
0486 
0482 
0478 


0389 


04610385 
04560380 


0448 


0444  0368 


05160439 
05120435 


0431 
0427 
0422 


0414 


04700393 
04660389 
04620385 


0457 


0453 


052704496372 
0523  04450368 


0441 0364 


0519 
0515 
051O|O432l0S55 


0380 


0376 


56'!  67' 


0296 
0291 
0287 
0282 
0278 
0274 
0269 
0265 
0261 
0256 


0471 0397,0324 
04660392  0319 
0462  0388  0315 
0458  0384  0311 
0453  03790306 
0449  0375  0302 
0445*0371 0298 
0440,0366  0293 
0436036210289 
0432  0358  0285 


04270353 
0423,0349 
04190345 
04150341 
04100336 
04060332 
0402^0328 


0397 


0393  0319 


0376 
0372 


0363 
0359 
0355 
0351 
0346 


0323 


0315 


0280 
0276 
0272 
0268 
0263 
0259 
0255 
0250 
0246 
0242 


04180342 


0338 


04100334 
0406 
0401 
0397 


0325 
0321 
0317 
0313 


0311 
0306 
0302 
0298 
0294 
0289 
0285 
0281 
0277 
0272 

0268 


0264 

0260 

0330(0256 


0251 
0247 


0239 


0292,02180145 

0288  0214  0141 

043710360  0284  0210  0137 


0279  0205  0132 


042803510275 
0424  03470271 
04200343  02670193 
04160339102630189 


58'  I  59' 


0238 
0233 
0229 
0225 
0221 
0216 


0208 


0195 
0191 
0187 


0178 
0174 


02430170  009: 


0166 


03090235 
0304>0230|0157|0085 


0300,02260153  0081 
0296!0222|0149  0077 
0078 
0069 
0065 
0060 
0056 
0052 


0201  0128 
0197  0124 


0116 


60' 


or 


[P.P. 

to 

^of 

Par. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


0252 
0247 
0243 
0239 
0234 
0230 
0226 
0221 
0217 
0213 


0208 
0204 
0200 
0196 
0191 
0187 
0183 
0178 
0174 
0170 


016^ 
0161 
0157 
0153 
0149 
0144 


02120140 


0136 


0204  0132 
01990127 


0123 
0119 
0115 


01830111 


0106 
0102 


0094 


0]62009( 


0120  004P 


0044 


61' 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


-0 
1 
3 
4 
5 
6 
8 
9 
10 
11 

13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


20 

21 

22 

23 

24 

25 

26  I 

27 

28 

29^ 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


25 
27 
28 
29 
30 
32 
33 
34 
35 

iL 

38 
39 
41 
42 
43 
44 
45 
47 
48 
49 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


51 
52 
53 
54 
56 
57 
58 
59 
61 
62 

63 
64 
66 
67 
68 
69 
71 
72 
73 
74 


•  ^        ■      a  > 


I 
1 
1 

1 

1 
I 
1 
I 
1 

1 
1 
1 
1 
1 
1 
I 
1 
I 
1 


TABLE  34 
Logarithms  of  the  Apparent  Altitudes  and  Horizontal  Parallax. 
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Apparent  Altitude  19< 


Moon's  Horiiontal  Purallox. 


53' 


0184 


0169 


54' 


55' 


0103 


018000990019  9941 


0173  0092 


0165  0084 
0162  0081 
0158  0077 
0154  0073 
015]  0070 


0147 


0140 
0136 
0133 
0129 
0125 
0122 
0118 
0114 


0088 


0023 


9945 
994 
01 76100951001 5  9937 


0012  9934  9856  9780  9706 


0008  9930 


0066 


0143  0062 


0059 
0055 
0052 
0048 
0044 
0041 
0037, 
0033 


9986 
9982 


56' 


9908 


57' 


9868  9792  9718 
9864  9788  9714 
9860  9784  9710 


9853  9777  9703  9630 


0004  99269849  9773 
001  9923  9846  9770 


9997  9919  9842  9766 
9993  9915  9838  9762 


9904  9827 


9979  99019824  9748 


9975  9897  9820  9744  9670  9597 


9972  9894 


9968  98909813  9737  9663 


011100309950 


0107  0026:9946 
0104  0023.9943 
01000019.9939 
0097  0016,9936 
0093  0012.9932 
0089  00089928 
00860005,'9925 
0082  '001|9921 
0079 


9886 
9883 
9879 
9875 


9872 


9998(991819840 


0075  9994.9914 


0071 
0668 
0064 
0061 
0057 
0054 


0050  9969 


0047 
0043 


0040 
0036 
0032 
0029 
0025 
0022 
0018 


0011 
0008 


0004 


9997 
9994 


9973 


53' 


99909910 
99879907 
99839903 
99809899 
9976  9896 


9973 


9966 
9962 


9959 
9955 
9951 
9948 
9944 
9941 
9937 


00159934 


993099509772 


9927 


9923 


00019920 


9913 


9990  9909  9829 
9987  99009826 


9983  9902 


998098999819 


9892 


9893 
9889 
9886 
9882 


9879 
9875 
9871 
9868 
9864 
9861 
9857 
9854 


9847 


9843 


99169836 


9833 


997698959815  9737 


54'  I  55' 


9865 
9861 
9858 
9854 
9850 
9847 
9843 


58' 


9551 
969219619  9547 
9688  9615  9543 
9990199 12|9835[9759|9685  9612  9540 


9831  9755 


9751 


9817 


9809 


9741 


9733 


9798 


9795 


9868  0791 


9836 
9832 
9829 
9825 
9821 
9818 
9815 
9811 
9808 
9804 


9801 
9797 


9790 
9786 
9783 
9779 


9769 


9765 


984097629685 


9758 
^755 
9751 
9748 


9822  9744 


9741 


98129734 


50' 


9788 
9784 
9781 
9777 
9773 
9770 
9766 
9763 


9759 
9755 
9752 
9748 
9744 
9741 
9738 
9734 
9731 
9727 


9724 
9720 


97939716 


9713 
9709 


9702 


97769699 


9695 
9692 


9688 


9681 
9678 
9674 
9671 
9667 
9664 
9660 
9657 


57' 


59' 


9699 
9696 


60' 


9645 
9641 
9637 


9681 
9677 
9674 


9659 


9806  9730  9656  9583 
98029726  9652  9579 


9722  9648 


9719 
9715 
9712 
9708 
9705 
9701 
9697 
9694 
9690 
9687 


9683 
9679 
9676 
9672 
9668 
9665 
9662 
9658 
9655 
9651 


9648 
9644 
9640 
9637 
9633 


9706  9630 


9626 
9623 
9619 
96j6 

9612 
9609 
9605 
9602 
9598 
9595 


9645 
9641 
9638 
9634 
9631 
9627 
9623 
9620 
9616 
9613 


61' 


9573 
9569 
9565 


96339561 


9558 


962619554 
9623 


9608 
9604 
9601 


Apparent  Altitude  20o 


53' 


9667  9594 


9536 
9532 
9528 
9525 
9522 
[95909518 


9586 


9575 


9609 
9605 
9602 
9598 
9594 
9591 
9588 
9584 
9581 
9577 


9574 


9566 
9563 
9559 
9556 
9552 
9549 
9545 
9542 


9538 
9535 
9531 
9528 
9524 
9521 
9591  9517 
9588  9514 
9584  9510 
9581  9507 


58' 


59* 


9572 
9568 
9565 
9561 
9558 
9554 
9550 
9547 
9543 
9540 


9514 
9511 
9507 
9503 


9536 
9532 
9529 
9525 
9521 
9518 
9515 
9511 
9508 
9504 


9501 


95709497 


9493 


9500 
9496 
9493 
9489 
9486 
9482 
9478 
9475 
9471 
9468 


9464 
9460 
9457 
9453 
9449 
9446 
9443 
9439 
9436 
9432 


9429 
9425 
9421 


9490,9418 
948619414 
948319411 
9479,9407 
9476,9404 
94729400 
94699397 


-9969 
'9966 
•9963 


Moon's  Horizontal  Parallax. 
sT' 


9888 
9885 
9882 


9959  9878 


99569875  9795 


•9952 


'9949  9868 


'9945 
'9942 
'9938 


9465;9393 
94629390 
9458.9386 
9455*19383 
0451,9379 
94489376 
9444  9372 
9441 9369 
9437  9365 
9434  9362 


60*  61' 


•9935 
•9931 
•9928 
•9925 
•9921 
•9918 
•9914 
•9911 
•9908 
•9904 


9864 
9861 
9857 


•9901 
•9897 
•9894 
•9890 
•9887 
-9884 
•9880 
•9877 
•9874 
•9870 


9854 
9850 
9847 
9844 
9840 
9837 
9833 
9830 
9827 
9823 


55' 


9808 
9805 
9802 
979S 


56' 


9871  9791 


9788 
9784 
9781 
9777 


'9867 
•(863 
•9860 


9820 
9816 
^813 
9809 
9806 
9803 
9799 
9796 
9793 
9789 


9719 
9716 
9713 
9709 


9786 
9782 
9779 


•98579776 
•98539772 
•9850'9769 
•9847  9766 


•9843 
•9840 
•9836 


•9833 
•9830 
•9826 
9823 
9820 
9816 
•9813 
•9810 
•9806 
•9803 


•9800 
•9796 
•9793 
'9790 
■9787 
•9783 
•9780 
•9777 
•9773 
•9770 


9762 


9749 
9745 
9742 


9774 
9770 
9767 
9764 
9760 
9757 
9753 
9750 
9747 
9743 


9730 


57' 


965r» 


9727  9650 


J72J 
9720 
9717 
19713 
9710 
9700 
[9703 


9647 
9643 
9640 
963G 
9633 
9629 


58'  59'  60' 


9577 
9574 
9571 
9567 
9564 
9560 
9557 
9553 


61' 


9626.9550  94 


9691)962219546 

9690;9619:9543l9469 


9740 
9736 
9733 


9729  9651 


9726 


9723  9645 


9706 
9702 
9699 
9696 


9693  9614 


9689 
9686 
9682 


9759  9679 
9755  9675 


9752  9672 


9669 
9665 
9662 


9739:9659 
9735  9655 
9732  9652 


9729 
9725 
9722 


9645 
9642 


9719  9639 
9715  963:> 
9712.963: 
9709,962*' 
9706,9626 
9702,962? 
9699  9619 


53' 


9696 


9616 


54' 


9692^612 
9689|9609 


55' 


9692 
9689 
9686 
9682 


9675 
9672 
9669 
9665 


9615'9539 
9612'953t. 
9609  9533 
96059529 


9079  9602  9526  9452 


95989522 


9662 
9658 
9655 


9648 


9641 
9638 
9635 
9631 


9628 
9624 
9621 
9618 


9592  9516 
9588  9512 

9585  9509 
958l|9505 
9578  9502 
95749498 
95719495 


9430 
9427 
9424 
9420 
9417 
9413 
9410 
9406 
9403 


9358 
9355 
9362 
9348 
9345 
9341 
9338 
9334 
9331 

9399|9327 

9396 


or 

M 

~0 

1 

2 
3 
4 
5 
6 
7 
8 
9 


9392 
9389 
9386 
9382 
9379 
9375 


9595.96199445  9372 


9369 


9324 
9320 
9317 
9314 
9310 
9307 
9303 
9300* 
9297 
9293 


9365 

9435;9362j9290 
94319358  9286 


9428  9355  9283 
9424  9351  9279 
94219348  9276 
95689492  9418  9345  9273 
9564*9488  9414  9341  9269 


9561,9485 
9558,9482 
0554  9478 


9611 


94119338 
94089335 
940419331 

9551,9475  9401J9328 
9547,9471  9397  9324 


95449468 
95419465 
9537|9461 
9534|945B 
9608195319455 
9604 19527  9451 
9601:9524  9448 


95979520 


95949517 
9591,9514 


9444 


93949321 
939i;9318 
93879314 
9384  9311 
93819308 
9377  9304 
9374  9301 
93709297 


9441 


9438  9364  9291 


9587|9510  9434 
95849507 
9581 '9604 
9577:9500 
9574,9497 


9649  95719494 


9567.9490 
9564 19487 

956l!9484 
9557*9480 
9554I9477 
9551,9474 
6J48,9471 
9544  9467 


9541 
9538 
9534 
9531 

56' 


9464 
9461 
9457 
9454 


57 


-.9 


9408 
9404 
9401 
9398 
9395 
9391 
9388 


9381 
9378 


58' 


9367  9294 


9360  9287 
9357  9284 
9?54  9281 
9350  9277 
9347  9274 
9344  9271 
9340  9267 
9337  9264 


9334 
9330 
9327 
932S 
9320 
9317 
9314 
9385  9311 
9307 
9304 


9261 
9257 
9254 
9251 
9248 
9244 
9241 
9238 
9234 
9231 


[  59'  t  60' 


9266 
9263 
9^59 


9256 
9252 
9249 
9246 
9242 
9239 
9236 
9232 
9229 
9225 


61' 


P.P. 
to 
"of 
Par. 

^^ 
1 

3 

4 

5 

6 

8 

9 
10 
11 


(;  c 
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TABLE   34 
Logarithms  of  the  Apparent  Altitadea  and  HorijBontal  PanDaai. 


Apparent  Altitude  25* 


Apparent  Altitude  26* 


J" 

i 

4 

I 

m 

f 

!^ 

11 

13 
II 
U 

i: 

Ir 
1; 
2^ 

v3 
2< 

IT 

9 

fS 
30 
5J 
33 
54 

JL 

3t 
35 
41 

it 
43 
44 

46 
47 

48 

il 
51 

5! 

63 

bi 

U 

57 

58 

59 

61 

62 

63 

66 

67 
68 
69 
71 
72 
73 
74 


Moon's  Horizontal  Fuvllaz. 


5S' 


1 
2 
3 

4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9051 
9048 
9045 
9042 
9040 
9037 
9034 
9032 
9029 
9026 


54' 


9024 
9021 
9018 
9015 
9013 
9010 
9007 
9005 


8970 
8967 
8964 
8961 
8959 
8956 
8953 
3951 


55' 


8890 

8887 
8884 
S881 
8879 
8876 
8873 
8871 


H948I8868 
8945  8863 


8943 
8940 
8937 
8934 
8932 
8929 
8926 
8924 


9002  8921 
8999  8918 


8997 
8994 
8991 
8989 
8986 
8983 
8981 
8978 
8975 
8973 


8970 
8968 
8965 
8962 
8960 
8957 
8954 
8952 
8949 
8946 


891G 
r^913 
8910 
8908 
8905 
8902 
8900 
8897 
8894 
8892 


8889 
8887 
8884 
8881 
8879 
8876 
8873 
8871 
8868 
8865 


8944 
8941 
8939 
8936^ 
8933 
8931 
8928r 
8925 
8923 
8920 

R9T8 
8915 
8912 
8910 
8907 
8905 
8902 
8899 
-«897 
8801 


I  53' 


8863 
8860 
8858 
8855 
8852 
8850 
8847 
8844 
8842 
8839 


H837 
'^834 
3831 
8829 


8863 
8860 
8857 
8854 
8852 
8849 
8846 
8844 
8841 
8838 


8836 
8833 
8830 
8828 
8825 
8822 
8820 
8817 
8814 
8812 


56' 


8812J 
8809 
8806 
8803 
8801 
8798 
:i795 
8793 
8790 
8787 


57' I  58' 


8765 
8782 
8779 
8776 
8774 
8771 


8735  8659 
8732  8656 
87298653 
87268650 
8724  8648 
8721  8645 
8718  8642 
87168640 
87138637 
8710  8634 


59'|  60' 


85858512 
85828509 
85798506 
85768503 
8574,8501 
85718498 
8568,8495 
85668493 
85638490 
85608487 


61' 


8440 
8437 
8434 
8431 
8429 
8426 
8423 
8421 
8418 
8415 


8708  8632'8558  8485  8413 
8705'8629|8555  8482  8410 
855284798407 
8549  84768404 


8768.8691 
87668689 


8702  8626 
8699:8623 
8697*8621 

'8618! 

8615 


I 


8694 


8763 

8760 


8809 
8807 
8804 
8801 
8799 
8790 
8793 
8791 
8788 
8785 


8758 
8755 
8752 
8750 
8747 
8744 
8742 
8739 
8736 
8734 


8783 
8780 
8778 
8775 
8772 
8770 
8767 
8764 
8762 
8759 


8757 
•<754 
8751 
H749 


8731 
8729 
8726 
8723 
8721 
8718 
8715 
8713 
8710 
8707 


8705 
8702 
8700 
8697 
8694 
8692 
8689 
8686 
8684 
8681 


8826«746 

^824,8744 

8821:8741' 

88188738 

^S16i8736 

>^^138733 


8679 
8676 
8673 
8671 
8668 
8666 


8686 
8683 


8681 
8G78 
8675 
8673 
8670 
8667 


8613 
8610; 
8607 


8402 
8399 
8396 


85478474 
85448471 
8541*8468 
8539  8466!8394 
;8536'8463  8391 
85338460  8388 


8662 
8659 
8657 


8654 
8652 
8649 
8646 
8644 
8641 
8638 
8636 
8633 
8630 


8628 
8625 
8623 
8620 
8617 
8615 
8612 
8609 
8607 
8604 


8602 
8599 
8596 
8594 
8591 
R589 


866318586 
866018583 
86588581 


54' I  55' I 


8655 
66' 


8578 


57' 


8605  85318458 
8602. 


8528  8455 
H525'8452 
H523J8450 
!8J208447 
8517!8444 
8665)8589  8515  8442 


8599, 
8597' 
8594, 
8591^ 


8586.8512,8439 

8583 

8581 


8509  8436 
850718434 


8578 
8576 
8573 
8570 
8568 
8565 
8562 
8560 
8557 
8554 


8504  8431 
85028429 
8499  8426 
8496,8423 
8494  8421 
84918418 


8488.8415  8343 


84868413 


8483*8410  8338 


8480,8407 


-{552,8478  8405 

8549,8475  8402 

8447,8473,8400 

8544  8470;8397 

85418467,8394 

8539,8465:8392 

8536 

8533 

8531 

8528 


4 
'84628389 

'8459i8386 

'8457,8384 

8454  8381 


8526  8452  8379 


8523  8449,83768804 


8520  8446,8373 
S518  8444  8371 
^515^441,8368 
H513  8139  8366 
S510  8436  8363 
8507  8433  8360 
-^505  8431  8358 
8502  8428  8355 


58' I  69' i  60' 


n 


8386 
8383 
8380 
8378 
8375 
8372 
8370 
8367 
8364 
8362 


8359 
8357 
8354 
8351 
8349 
8346 


8341 


8335 


8333 
8330 
8328 
8325 
8322 
8320 
8317 
8314 
8312 
8309 


Moon's  HorisoBtal  Pardlaz. 


53'       64'    65' 


-88928811 
•88898808 
-88868806 
•8884'8803 
-8881*8800 
-8879!8798 


8731 
8728 
8726 
8723 
8720 
8718 
8716 
8712 


•88768795 
•8873  8792 
•887l!8790!8710 
•8868878718707 


•886618786  8705 


87778697 
87748694 
87728692 
8769  8689 
•8848|8767  8687 
•8845  8764  ;8684 
•8843  8762  8682 


•88638782;8702 

-8861|8780;8700 

-8858 

-8865 

•8853 

-8850 


'8840|8769  8679 
>8838  875718677 


•8836 
•8833 
•8830 
•8827 
•8825 
-8822 


8754,8674 
87628672 
8749  8669 
8746  8666 
8744  8664 
87418661 
R820|8  739  8669 
8817,8736  8656 


•8815  8734  8654 
•8812,87318651 
•8810,8729  8649 
•8807|87268646 
•8806.8724  8644 
•8802,87218641 
•8800.8719  8639 
•8797.8716  8636 
•8795J8714  8634 
•8792  87118631 


56' 


8653 
8650 
8647 
8646 
8642 
8640 
8637 
8634 
8632 
8629 


8627 
8624 
8622 
8619 
8616 
8614 
8611 
8609 
8606 
8604 


67' 


8573 


58' 


85768500 


85708494 

8568 

8565 


69' 


8426 


8497  8423 


8345:827: 


8492  8418 

8489,8416;8542j827< 
8563  8487,8413'8340«261 
8560  8484  8410  8337)8266 


8557 


85558479  8405  833 
85528476840283 


8474  84008327 

847i;8397!8324!8252 

»w.w  8469,8395  83228250 

8542  8466  8392  8319i8247 


8550] 
8547 
8545 


8539 
8537 
8534 


8458,8384  8311,8239 

8532  8456  8382  8309i8237 
8529  8453;8379!83068234 
8527  8461,8377l8304  8232 


8601 
8599 
8596 
8594 
8591 
8588 

85868509 


8583 
8581 
8578 


8576 
8573 
8571 
8568 
8566 
8563 
8561 
8558 
8556 
8553 


-8790,8709  8629,8551 
•8787,87068626  8548 


'8784|8703  8623 
•8782:8701  8621 


•8779 
•8777 
•8774 


8545 
8543 
8540 
86968616|8538 
8693  8613  8535 


8698  8618 


8307 


8301 
8299 
8296 

8294 
8291 
8288 
8286 
8283 


•8772,8691  8611 '8533 
•8769,8688  8608  8530 
•8767|8686  86068528 

•876418683  8603  8525 
-8762,8681  860i;8523 
-8759,8678  8598,8520 
-8757,8676  8506,8518 
•8754.86738593,8515 
-8752,8671  8591  8613 
-8749,8669  8589,8511 
'8747,8666  8586,8508 
•8744,8663  8583,8505 
87428661  8581.8603 


8506 
8504 
8501 


8496 
8494 
8491 
8489 


8484 
8481 
8479 


8474 
8471 
8468 
8466 
8463 
8461 
8468 
8456 
8463 
8451 

8448 
8446 
8443 


61' 


rw-f 


54 'j  55' I  66 


8420 


eo' 


8347 


61' 


8353  B2B1 
8350  82^ 


^7S 


84818407;833482« 


846383898316^ 
846l!8387|8314 


1244 
1242 


:i 


8524  8448  8374  8301 

8522  8446|8372|8299,8227 

8519  8443  8369,8296,8225 

8517  844i;8367,8294f8222 

8514  8438,8364,8291 8219 

8511  8435-8361  82888216 

8433,8359,82868214 

8430,8356,8283,8211 

8428,8354,8281;8209    28 

842S;8351i82788206    29 

84998423,8349,82768204    30 


0 

1 
2 
3 
4 
5 
C 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 

1?. 
20 

21 

22 

23 

24 

25 

26 

27 


8420  8346,82738201 
8418,8344  827li8]91 
8415  834182688196 
8413  8339,8266,8194 
8486  8410,8336,82638191 
8408  8334  8261,8189 
8405  833182588186 


8403.8329.82568184 


84768400.8326,82538181 


8398,8324,82518179 
8395,832 1|8248  8176 
8392,8318  82458173 
8390.8316,82438171 
8387,8313  82408161 
8385831182388166 
8382;8308;82358163 
83808306,82338161 
8377.8303  82308158 
8375  8301*82288156 


83728298,822581531 

8370829682238151 

8367,8293,822081481 


8441  83658291.82188146 


8438  8362  8288 
8436  8360  8286 
8434  8358  8284 
8431 8355  8281 
8428 
8426 


57' 


8352  8278 
8350,8276 


58' I  69' 


821581431 

82138141 

82118139 

8208,8136 

8205,8133 

8203.8131 

60'|  61' 


31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


TABLE  34 
Logarithma  of  the  Apparent  Altitixdea  and  Homontal  Parallax. 
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Apparent  Altitude  27' 


Apparent  Altitude  28** 


P.P. 

to 

'^of 

Par. 


Mood's  Horisontal  Parallax. 


Moon's  Horizontal  Parallax. 


:>3'      64' 


ij 


874086598579 
'8737  865618576 
'8735 8G54 

8732  865118571 
-8730  8640  8568 
•8727!8646 
•8725:8644 
■8722'8641 
•87208639 


55' 


8566 
6564 
8561 


56' 


8501 
8498 
8496 
8493 
8491 
8488 
8486 
8483 


8559  8481 


•87178636>8556 


•8715:8634 


871218631 


8554 
8551 


•8710 
.8707 
•8705 


86298549 


862685468468 
8624  8544  8466] 
M703'8622  8542  8463 


•87008619 
•86988617 


8539,8461 
6537'8459 


^695,8614  8534  8456 
•8693  86128532  8454 

852918451 


•H6908609 
•86888607 
•86858604 
•8683  8602 
•8681  8600 
•8678  8597 
-86768595 


'8673 
'8671 

•8668 


8592 
8590 
8587 


•8666 

-8664 

•8661 

8659 


8585 
8583 
8580 
8578 


8478 


8476 
8473 
8471 


8527,8449 
8524  8446 
8522  8444 
8520;8442 
8517,8439 
8515;8437 
8512.8434 
8510!8432 
85078429 


57' 


8424 
8421 
8419 
84 IC 
8414 
8411 
8409 
840G 
8404 
8401 


8399 
8396 
8394 
8391 
8389 
8386 
8384 
8382 
8379 
8377 

8374 
8372 
8369 
8367 
8365 
8362 
8360 
8357 
8355 
8352 


58' 


8348 
8345 
8343 
8340 
8338 
8335 
833i. 
8330 
8328 
8325 


8323 
8320 
8318 
8315 
8313 
8310 
8308 
830G 
8303 
8301 


69' 


8274 
8271 
8269 
8266 
8264 
8261 
8259 
8256 


60' 


8201 
8198 
8196 
8193 
8191 
8188 
8186 
8183 


8254(8181 


82518178 


8249!dl76 
8246  8173 


8298 
8296 
8293 
8291 
8289 
8286 
8284 
8281 
8279 


61' 


53' 


8129 
8126 
8124 
8121 
8119 
8116 
8114 
8111 
8109 
8106 


8104 
8101 
8099 
8096 
8094 


8244  8171 
8241  8168 
8239  8166 
8236  8163  8091 
8234  81618089 
823281598087 
8229*81568084 
8227  8154*8082 


0  -8594 
•8592 
•8589 
•8587 
•8584 
•8582 
•8580 
•8577 
•8575 
•8573 


8656,8575 

•86548573 
•865l!8570 
•  864918568 
•864  7i8566 
-8641856318483 


85058427 
8503.8425 
8500  8422 
8498^8420 
8495  8417 
8493  8415 
8490|8412 
8488  8410 
8486  8408 


8224  8151,8079 
8222  8149  8077 
821981468074 
8217  8144^8072 
8215,8142,8070 
8212  8139  8067 
8210|8137,8065 
8207|8134,8062 
820581328060 


8405 


8350 
8348 
8345 
8343 
8340 
8338 
8335 
8333 
8331 
8328 


8276  8202812918057 
82718200,812718055 


8272 
8269 
8267 
8264 


8262 


8198,8125'8053 
8195  81228050 
8193:8120';8048 
8190  8117  8045 


8403 


•b642  856l!848l 
•8639  8558 ,8478f8400 
•8637,85568476 
•8635,8554  8474 
•8632  855 1*84  71 
•8630  85408469 
•8627  8546  8467 
•8625854  4*8464 
•8623  8542.8462 
•8620  853918459 


8308 
8390 
8393 
8391 
8388 
8386 
8384 
8381 


•8618«537i8457 
•8615  8534;8451 
•8613  8532  8152 
•Hfill  8530-8450 
•8C08  8527  8447 
•8606  85258445 
•8603  85228442 
•8601  8520*8440 
•8599  9518,8438 
•8596  8515.8435 


8115 
8112 


8043 
8040 


8110  8038 
8108  8036 
8105  8033 


8326 

8323j8247 

832118245 

83198243 

8316*8240 

83148238 

8311*8235 

8309  8233 

8307  8231 

8304  8228 


8176:8103 


8173,8100 
81718098 
81698096 
8166  8093 
81648091 
81618088 


8379 
8376 
8374 
8372 
8369 
8367 
8364 
S362 
8360 
8357 


8031 
8028 
8026 
8024 
8021 
8019 
8016 


8159,8086  8014 
8157,8084  8012 


815480818009 


8302  8226 
8299  8223 
8297  8221 
•^295  8219 
82928216 
82908214 
8287  8211 
8285  8209 
8283  8207 
82808204 


8152  8079  8007 
8149,8076  8004 
814718074  8002 
8145,8072  8000 
8142  8069  7997 
8140,8067  7995 
8137|8064  7992 
8135:8062  7990 
8133  8060  7988 
813018057  7985 


54' 


•8570 

'8568 

•8566 

•8563 

•8561 

•8558 

•8556 

•8554 '8473 

■85518470 

•8549  8468 


8513 
8511 
8508 
8506 
8503 
8501 
8499 
8496 
8494 
8492 

8489 
8487 
8485 
8482 
8480 
8477 
8475 


•8547:8466 


-8544,8463 
'85428461 
•8540  8459 


85' 


8433 
8431 
8428 
8426 
8423 
8421 
8419 
8416 
8414 
8412 


56' 


8355 
8353 
8350 


8348(8271 


8345 
8343 
8341 
8338 
8336 
8334 


8254 
8252 
8250 
8247 


8409  8331 
840718329 
8405  8327 
8402  8324 
84008322 
8397  8319 
8395  8317 
8393  8315 
8390  8312  8235 
8388  8310 


8386  8308 
8383  8305 
8381  8303 
8379  8301 


57'  68' 


8278 
8276 
8273 


8268 
8266 
8264 
8261 
8259 
8257 


8233 

8231 
8228 
8226 


8202 
8200 
8197 
8195 
8192 
8190 
8188 
8185 
8183 
8181 


8178 
8176 
8174 
8171 


59'  60' 


8128  8055 
8126  8053 
8123  8050 
81218048 
81188045 
81168043 
8114  8041 
81118038 
8109  8036 
8107  8034 


61' 


7983 
7981 
7978 
7976 
7973 
7971 
7969 
7966 
7964 
7962 


8104  8031  7959 
8102  8029  7957 


824518169 
8242 
8240 
8238 


8100  8027 


7955 
7952 
7950 
7947 


8097  8024 

8095  8022 
8166180928019 
8164  8090  8017,7945 
8162  8088  8015*7943 
8159  8085  80127940 
8157  8083  8010  7938 


•8537  8456,8376  8298  8221  8145 


•8535  8454  8374  8296  8219;8143 
•8533  8452  8372  8294  821 7  8141 
•8530  8449,8369  8291  8214  8138 
•8528  8447  8367  8289  8212,8136 
•8526  8445  8365  8287  8210  8134 


8155  8081  80087936 

8152  8078  80057933 

8150  8076  8003  7931 

8224  814818074  8001  7929 

8071  79987926 

8069  7996  7924 

8067  7994  7922 

8064  7991 7919 

8062  7989  7917 

8060  7987  7914 


'8523  8442:8362  8284 
-85218440,8360  8282 
■8519,8438  8358  8280 
'8516  8435|8355  8277 
'8514  8433,8353  8275 
■8512|8431,8351  8273 
•8509  8428,8348  8270 
•8507^84268346  8268 
8505,8424  8344  8266 
•8502 842l!834l  8263 


8207,8131 
82058129 
8203  8127 


8200 
8198 
8196 
8193 
8191 
8189 
8186 


8124 
8122 
8120 
8117 
8115 
8113 
8110 


-8500,8419  8339  8261 
'8498,84178337  8259 
•8496  8415  8335  8257 
•8493  8412,8332  8254 
■8491)84108330  8252 
•8489  8408  8328,8250 
•8486,8405  8325,8247 
•848418403  8323,8245 
•8482  8401  8321  8243 


-8479,8398  8318 


8240 


8477  83968316 
•8475  8394  8314 
•8473,83928312 
•84708389  8309 
•84688387  8307 
•8466  8385  8305 
•8463  83828302 
•8461:83808300 
•8459  8378  8298 
•8457.8376  8296 


8181 
818d 
8180 
8177 
8175 
8173 
8170 
8168 
8166 
8163 


8057,7984  7912 
8055  7982  7910 


8053 
8050 
8048 
8046 
8043 
8041 
8039 
8036 


or 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


7980  7908 
7977  7905 
79757903 
79737901 
79707898 
7968,7896 
7966:7894 
7963  7891 


8108:8034 
8106  8032 
8104  8030 
81018027 
8099,8025 
80978023 
8094;8020 
8092  8018 
8090,8016 
8087  8013 


8161 
8159 
8157 
8154 
8152 
822718150 


8238 
8236 
8234 
8231 
8229 


8224  8147 
S222,8145 
8220,8143 
8218,8141 


30 
31 
32 
33 
34 
35 
36 
37 
38 


-0 
1 
3 
4 

5 

6 

8 

9 

10 

11 


13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37 


38 
39 
41 
42 
43 
44 
45 
47 
48 


39  I  49 


7961  7889 
7959,7887 
7957,7885 
7954,7882 
7952;7880 
7950  7878 
7947,7875 
79457873 
7943  7871 
79407868 


8085.8011 

8083  8009 

8081^8007 

8078,8004 

8076,8002 

8074.8000 

8071  7997 

8069:7995 

8067|7993 

806517991 


7938  78661 
7936  7864 
7934  7862 
79317859 
7929,785 
7927,7855 
7924  785? 
7922  785C 
7920  7848 
7918784t 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


51 
52 
63 
54 
56 
67 
68 
59 
61 
62 


50 
51 
b'£ 
53 
54 
55 
56 
57 
58 
59 


63 
64 
66 
67 
68 
69 
71 
72 
73 
74 
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TABLE  31 
LogahtlmiB  of  tli6  Appuent  Ahitadet 


Appimnt  Altitude  29* 


Appaient  Altitode  3<H 


P.P. 

to 

H 

I 


Mood's  HoriiOBtal  PanUaz. 


Moon'f  HorisoDtal  PkraOax. 


55' 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
U 
12 
13 
U 
15 
16 
17 
18 
19 


20 
21 

22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


8454 
8452 
8450 


54' 


837318293,8215  813818062  7988  7915 
8371  8291  8213  8136.8060  7986!7913 


8369 


8289  821  lKil34 
844  7 18366|8286  8208 .8 13 1 
844518364 


8443  8362  8282  8204 
8441,8360  8280  8202 


84388357 


84368355  8275  8197 
84348353  8273  8195 


84328351 
8429  8349 


84278346  8266  8188 
8425*8344  8264  8186 


84238342 
84208339 


8262  8184 
8259  8181 


8418  8337  8257  8179 


8391  8310 
83f)98308 


8387,8306 
8384  8303 
8382,8301 
8380  8299 
8378  8297 
8375,8294 
8373,8292 
8371,8290 
83608288 
8367,8286 


8364,8283 
83628281 
83608279 
8358,8277 


8355 
8353 
8351 
8349 
8347 
8344 


55'  56' 


57' 


8284*82068129 
8127 
8125 
8122 


82778199 


827181938116 


82698191 


58' 


8058 
8055 
8053 
8051 
8049 
8046 


8118 


81208044 


8042 


8114 
8111 


8040 
8038 
8035 
8109;8033 
810718031 
8104  8028 


8102 
8100 
8098 


8026 
8024 
8022 


84168335  8255  8177 
8414  8333  8253  8175, 
8411 8330  8250|8172'8095;8019 

84098328  8248,8 170,8093j801 7 
8407  8326  8246  8168  8091  8015 
8405  8324  8244*8166  8089,8013 
84028321  824l|8163;80868010 
84008319  8239,8161,8084|80O8 
83988317  8237:8159.8082.8006 

04 


7966 
7964 
7961 
7959 
7957 
7954 
7952 
7950 
7948 
7945 


, ^,,,0^80 

8396  831518235  8157,808lbo 
8393  8312  8232,8154  8077  8001 


8230;81528Q75{7999 
8228.8150  8073  7997 


8226,8148  8071  7995 
8223,8145  8068  7992 
8221  8143,8066  7990 
8219  8141,8064  7988 
8217  8139,8062  7986 
8214  8136  8059  7983 
8212  8134|8057  7981 
8210.8132  8055  7979 
82088130;8O53j7977 
8206  8128.80517975 


8342 
8340 
8338 
8336 
8333 
8331 
8329 
8327 
8325 
8322 


63' 


8203 
8201 
8199 
8197 
8194 
81921 


8274 

8272 

8270'8190 

8268|8188 

8266  8186 

82638183 


8261 
8259 
8257 
8255 
8252 
8250 
8248 
8246 
8244 
8241 


8181 
8179 
8177 
8175 
8172 
8170 
8168 
8166 
8164 


8125  8048  7972 
8123  8046  7970 
8121  8044  7968 
8119  8042  7966 
81168039  7963 
8114  8037  7961 


81128035.7959  7885 


8110,8033  7957 
81088031,7955 
8105  8028  7952 


8103  8026  7950  7876 


8101,8024  7948 


8099  8022  7946  7872 


54' 


8097,8020  7944 
8094  8017  7941 
8092  8015  7939 
8090  8013  7937 
8088  8011  7935 
8086  8009  7933 


816118083  8006  7930 


59' 


60' 


7984 
7981 
7979 
7977 


7911 
7908 
7906 
7904 


7975  7902 


61' 


53' 


54' 


7972 
7970 
7968 


7943 
7941 
7939 
7936 
7934 
7932 
7930 
7927 
7925 
7923 


7921 
7918 
7916 
7914 
7912 
7909 
7907 
7905 
7903 
7901 


898 
7896 
7894 

892 
7889 
7887 


7883 
7881 
7878 


7874 


7899 
7897 
7895 


7893 
7891 
7888 
7886 
7884 


7879 
7877 
7875 
7872 


7843 
7841 
7839 
7836 
7834 
7832 
7830 
7827 
7825 
7823 


0  '832M8239  8159  8081  0004 


•8316|8235 
•8314  8233 
•83128231 


•8305  8224 


7821 
7819 
7816 
7814 
7812 


55' 


8318to237  8157  8079  8002  7926 


•8309822981498071 
•8307  8226  8146  8068 


•8303822281428064 
•8301822081408062 


78817809 


7870 
7868 
7866 
7863 
7861 
7859 
7857 
7854 
7852 
7850 


7848  7776 


7845 
7843 
7841 
7839 
7836 
7834 
7832 
7830 
7828 


7825 
7823 
7821 
7819 
7816 
7814 
7812 
7810 
7808 
7805 


7807 
7805 
7803 
7800 


•82988218 
•82968215 
•8294  8213 
•82928211 
•82908209 
•82888207 
•82858204 


•828382028122  8044 
•8281 8200l8120  8042 


•82798198 


7798 
7796 
7794 
7791 
7789 
7787 
7785 
7782 
7780 
7778 


•82778196 
•82758194 
•82738192 
•82708189 
•82688187 
•82668185 
•82648183 
•82628181 
•82698179 
•82578176 


7773 
7771 
7769 
7767 
7764 
7762 
7760 
7758 
7756 


8138 
8135 


8155 
8153 
8151 


56' 


8075 
8073 


67' 


8077  8000 


8144 


8060 
8057 


8133  8055 
8131  8053 
8129  8061 
8127  804^ 
8124  8046 


81188040 


81168038 


8114 


8036 


81129034 
8109  8031 


8107 
8105 
8103 
8101 
8099 
8096 


8029 
8027 
8025 


8023  7946,7870 


-82558174,8094  8016 
•82538172809218014 
•82518170 


•82498168 
•82478166 
•8245  8164 
•82428161 
•82408169 
-82388157 
•82368155 


8090  8012 
8088  8010 
80868008 
8084  8006 


8081 


7753 
7751 
7749 
7747 
7744 
7742 
7740 
7738 
7736 
7733 


8077 
8075 


•8234  8153  8073 
-823281518071 
8069 
8067 
8064 
8223|81428062 
-822181408060 
•82198138 


•82308149 
•82288147 
•82258144 


-8217 


•82158134 


7870 
7867 
7865 
7863 
7861 
7859 
7856 


55'|"iF[  57' I  58'f59 


7803 
7801 
7799 
7797 
7794 
7792 
7790 
7788 
7786 
7783 


7731 
7729 
7727 
7725 
7722 
7720 
7718 
7716 
7714 
7711 


60' 

mm 


•8211 
•8208 


•82138132 


8058 
81368056 


81278047 


8066 


7961,7885 
7959  7883 
7967  7881 
79547878 
79527876 
7960i7874 


8021 
8018 


8003 


8079  8001 


7999 
7997 


7995 
7993 
7991 
7989 
7986 
7984 
7982 
7980 
7978 


8054 


8052  7974 


81308050  7972  7895 


•82068125 


•8204 


8123 


-82028121 
•82008119 


•8198 


-8194 


6r  lHv 


8117 


-81968115 


8113 


8045 
8043 
8041 
8039 
8037 
8035 
8033 


64' 


55' 


7998 
7996 
7994 
7991 


68' 


7928 


59' 


7864 

7862 


60"  61' 


7781  7: 
7779  7: 


7850  7777  7 


7987 
7986 


7983 
7980 
7978 
7976 
7974 
7972 
7969 


7924 

7922  7848  7775  7; 

7920  7846|7773  7701 

7918 

7915 


7989  7913 


7911 
7909 


7907 
7904 
7902 
7900 
7898 
7896 
7893 


796717891 
7965  7889 
7963  7887 


7948 


7868 
7866 


7944 
7941^ 

7939|7863 

7937 

7936 


7933  7867 


7789 
7861)7787 
78597786 


7931 


7866 


7929  7863 
7926  7860 


7924 
7922 
7920 


7918 
7916 
7914 
7912 


7907 
7905 
7903 
7901 


7976  7899 


7897 


7969 
7967 
7965 
7963 
7961 
7959 
7957 
7955 


7892 


7872 


7844 
7841 
78391 
7837 
7835 


7771,7^ 
7768.74 
776674 
7764  74 
7762 


0 
I 
2 
3 
4 
6 
6 
7 
8 
9 


7833  7760  7< 
7830  7757  74 
7828  7755  74 
7826  7753  768l| 
7824  7751  76; 
7822  7749  767: 
7819  7746  767^ 
7817  7744  7671 
7816  7742,7671 


7813 


78117738  74 
7809  7736,74 
7807  7734 
7804  7731  766! 
7802  7789  765: 
7800  772774 
7798  7725  74 


7796 
7794 
7791 


7848 
7846 
7844 


7783 
7781 
7779 


7774 


7842 


7840  7766  7693 


7838 
7836 


79097833 


7831 
7829 
7827 
7825 
7823 


7768 


7740  74 


10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
26 


77237661 

7721:7641 
7718|7644 


27 
28 
29 


7716 
7714 
7712 
7710 
7706 


7644 

7641 
7644 
74 
7634 


77067 


7776  7703 


7701 


7772  7699[7< 
7770  7687 


7685 


7764 

7762 

7769  7686{761 

7767 

7756 

7753 

7751 


7691 

7689 


7684 


7611 
7682|761 
7680 


76311 
74 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


763 
76211 
7611 
76i: 


I 


76787 
77497676J7 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


7821,7747  767417 
781917745  7672i7 
7816  7742  7669 
77407667 
7738  7665 
7736  7663 
7734  7661 


78907814 
7888  7812 
7886  7810 
7884  7808 


7882 
7880 


7806 
7804 


7732  7659  7 
7730  7667.7 


751 
751 
751 
7591 

71 
768: 


7878  7802i7728  7665  71 


50 
51 
52 
63 
54 
55 
56 
57 
68 
M 


66' I   57'.  68'|6y|  60'|  61 

mmmmmmmmmmmam 


TABLE  34 
LogarithmB  of  the  Appuent  Altitudes  and  Horuontal  Faratiax. 
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Apparent  Altitude  31' 


Moon'i  Horuontal  Fkralkz. 


53' 


9 


'8192 
•8189 
•8187 
•8185 


'8173 


•8171 
•8169 
•8166 
•8164 
•8162 
*8160 
•8158 
•8156 
-8154 


54' 


8111 


81088028 
81068026 


8104 


•8183  81028022 
'818181008020 
'817980988018 
•8177|8096|8016 
•8175 


8094  8014 
8092  8012 


80908010  7932 


8068 
8085 


8083  8003  7925 


8081 
8079 
8077 
8075 
8073 


•8152|8071 


8001 
7999 
7997 
7995 
7993 
7991 


•8150 
•8148 
•8146 
•8144 
•8142 
•8139 
•8137 
•8135 
•8133 
•8131 


8069 
8067 
8065 
8063 
8061 
8058 
8056 
8054 
8052 
8050 


•8129 
•8127 
-8125 


8048 
8046 
8044 


81238042  7962 


•8121 
'8119 
•8117 
•8115 
•8113 
•8111 


•8109 
•8107 
•8105 
•8102 
•810(^ 
'8098 
•8096 
•8094 
•8092 


-8090  8009 


•8088 


-8084 
•8082 


7989 
7987 
7985 
7983 
7981 
7978 
7976 
7974 
7972 


8040 
8038 
8036 
8034 
8032 
8030 


8028 


8024 
8021 
8019 
8017 
8015 
8013 
8011 


8007 


•8086  8005 


'8080  7999 


'8078 
•8076 
8074 
•8072 
•8070 


53' 


8003 
8001 


7997 
7995 
7993 
7991 
7989 


54' 


55' 


8031 


8024 


56' 


7953  7876  7800  7726  7653 


795017873  7797 
7948  7871  7795 
7946  7869  7793 
7944  7867(7791 


7942  7865  7789 


7940  7863 
7938  7861 
7936  7859 


7934 


8008 
8005 


7970|7892 

7968 
7966 
7964 


7960 
7858 
7956 
7954 
7952 
7950 


7948 


8026  7946 


7944 
7941 
7939 
7937 
7935 
7933 
7931 


7927 
7925 
7923 
7921 
7919 
7917 
7915 
7913 
7911 
7909 


7930  7853 


7927 


7923 
7921 
7919 
7917 
7915 
7913 


7911 
7909 
7907 
7905 
7903 


7900  7823 


7898 
7896 
7894 


7888 
7886 
7884 
7882 
7880 
7878 
7876 
7874 
7872 


7870 
7868 


786^ 
7861 
7859 
7857 
7855 
7853 


7929  7851 


55' 


7849 
7847 
7845 
7843 
7841 
7839 
7837 
7835 
7833 
7831 


57' 


58' 


7857 


7855 


7850 


7787 
7785 
7783 
7781 


7779 
7777 
7774 


78487772 
7846  7770 


7844 
7842 
7840 
7838 
7836 


7834 
7832 
7830 
7828 
7826 


7821 
7819 
7817 
7815 


789017813 
7811 


7609 
7807 
7805 
7803 
7801 
7799 
7797 
7795 


7793 
7791 


7866  7789 


7786 
7784 
7782 
7780 
7778 
7776 
7774 


7768 
7766 
7764 
7762 
7760 


7758 
7756 
7754 
7752 
7750 
7747 
7745 
7743 
7741 
7739 


7684 
7682 
7680 
7678 
7676 
7673 
7671 
7669 
7667 
7665 


7737 
7735 
7733 
7731 
7729 
7727 
7725 
7723 
7721 
7719 


7717 
7715 
7713 
7710 


7772  7696 


7770 
7768 
7766 
7764 
7762 
7760 
7758 
7756 
7754 


56'  57' 


7694 
7692 
7690 
7688 
7686 
7684 
7682 
7680 
7678 


58' 


59'  60' 


7723  7650 
77217648 
7719  7646 
7717,7644 
77157642 
7713  7640 
7711  7638 
7709  7636 
7707  7634 


61 


7705 
7703 
7700 
7698 
7696 
7694 


7692  7619 


7690 
7688 
7686 


7663 
7661 
7659 
7657 
7655 
7653 
7651 
7649 
7647 
7645 


7643 
7641 
7639 
7636 


7632 
7630 
7627 
7625 
7623 
7621 


7617 
7615 
7613 


7611 
7609 
7607 
7605 
7603 
7600 
7598 
7596 
7594 
7592 


7590 
7588 
7586 
7584 
7582 
7580 
7578 
7576 
7574 
7572 


7570 
7568 
7566 
7563 


7581 
7578 
7576 
7574 
7572 
7570 
7568 
7566 
7564 
7562 


7560 
7558 
7556 
7553 
7551 
7549 
7547 
7545 
7553 
7541 


7539 
7537 
7535 
7533 
7531 
7528 
7526 
7524 
7522 
7520 


7518 
7516 
7514 
7512 
7510 
7508 
7506 
7604 
7502 
7500 


7498 
7496 
7494 
7491 


7708 17634  7561 17489 
7706  7632,7559.7487 
7704  7630,7557,7485 
7702  7628,7555,7483 
7700  7626,75537481 
7698  7624  75517479 


7622  7549  7477 
7620;7547|7476 
7618  7545  7473 


7616 
7614 
7612 


7543 
7541 
7539 


7471 
7469 
7467 


761075377465 
760875357463 
7606,753317461 
7604  7531(7459 


59'|  60^^^ 


Apparent  Altitude  32' 


Moon'i  HoHtontal  ParaUaz. 


53'       54' 


0-8068 
•8066 
•8064 


7987 
7985 
7983 


55 


/I 


-8062,7981 


-8060 
-8058 
•8056 
'8054 
'8052 
-8050 


•8048 
•8046 
•8044 
-8042 
-8040 
•8038 
-8036 
-8034 
-8032 
-8030 


7979 
7977 
7975 
7973 
7971 
7969 


•8028 
•8026 
•8024 
•8022 
•8020 
•8018 
•8016 
•8014 
•8012 


'8010  7929 


-8008 
-8006 
-8004 
-8002 
•8000 
•7998 
-7996 
-7994 
-7992 
•7990 


7978 
7976 
7974 
7972 
•7970 


7967 
7965 
7963 
7961 
7959 
7957 
7955 
7953 
7951 
79491 


7947 
7945 
7943 
7941 
7939 
7937 
7935 
7933 
7931 


-7988 
•7986 
'7984 
-7982 
-7980  7899 


7927 
7925 
7923 
7921 
7919 
7917 
7915 
7913 
7911 
7909 

7907 
7905 
7903 
7901 


7907 
7905 
7903 
7901 
7899 
7897 
7895 
7893 
7891 
7889 


56' 


7887 
7885 
7883 
7881 
7879 
7877 
7875 
7873 
7871 
7869 


7867 
7865 
7863 
7861 
7859 
7857 
7855 
7853 
7851 
7849 


7847 
7845 
7843 
7841 
7839 
7837 
7835 
7833 
7831 


7897, 
7895 
7893; 
7891 
7889 


7827 
7825 
7823 
7821 
7819 
7817 
7815 
7813 
7811 
7809 


7968 
7966 
7965 
7963 
7961 
7959 
7957 
7955 
7953 
7951 


53 


r 


7887 
7885 
7884 
7882 
7880 
7878 
7876 
7874 
7872 
7870 


54' 


7807 
7805 
7804 
7802 
7800 
7798 


7794 


55 


7829 
7827 
7825 
7823 
7821 
7819 
7817 
7815 
7813 
7811 


7809 
7807 
7805 
7803 
7801 
7799 
7797 
7795 
7793 
7791 


57'  58'  59'  60'  61' 


77527676 
77507674 
77487672 
7746  7670 


7744 
7742 
7740 
7738 
7736 
7734 


7789 
7787 
7785 
7783 
7781 
7779 
7777 
7775 
7773 
7771 


7769 
7767 
7765 
7763 
7761 
7759 
7757 
7755 
7753 


78297751 


7749 
7747 
7745 
7743 
7741 
7739 
7737 
7735 
7733 
7731 


7729 
7727 
7726 
7724 
7722 
7720 


7732 
7730 
7728 
7726 
7724 
7722 
7720 
7718 
7716 
7714 


7712 
7710 
7708 
7706 
7704 


7698 
7696 
7694 


7692 
7690 


7684 
7682 


7674 


7672 


7668 
7666 
7664 
7662 
7660 
7658 
7656 
7654 


7668 
7666 
7664 
7662 
7660 
7658 


7656 
7654 
7652 
7650 
7648 
7646 
7644 
7642 
7640 
7638 


7636 
7634 
7632 
7630 
7628 


7702  7626 
7700  7624 


7696  7620 


7622 
7620 
7618 


7616 
7614 


7688  7612 
7686  7610 


7608 
7606 


7680  7604 
7678  7602 
7676  7600 


7598 


7596 


7670  7594 


7652 
7650 
7649 
7647 


7796  7718 


7716 


7792  7714 
7790  7712 


56' 


7641 


7637 
7635 


7592 
7590 
7588 
7586 
7584 
7582 
7580 
7578 


7576 
7574 
7573 
7571 


7645  7569 
7643  7567 


7565 


7639  7563 


57' 


7561 
7559 


7602  7529 
7600  7527! 
7598  7525, 
7596  7523 
7594!7521 
7592  7519 
7590!7517; 
75887515 
75867513 
75847511 


7457 
7455 
7453 
7451 
7449 
7447 
7445 
7443 
7441 
743^ 


7582,7509 
75807507 
75787505 


7576 
7574 
7572 
7570 
7568 
7566 
7564 


7562 
7560 
7558 
7556 
7554 
7552 
7550 
7548 
7546 
7544 


7542 
7540 
7538 
7536 
7534 
7532 


7503 
7501 
7499 
7497 
7495 
7493 
7491 


7437 
7435 
7433 
7431 
7429 
7427 
7425 
7423 
7421 
74191 


7489 
7487 
7485 
7483 
7481 
7479 
7477 
7475 
7473 
7471 


7469 
7467 
7465 
7463 
7461 
7459 


7530^7457 
752817455 
7526,7453 
75247451 


7522  7449 
7520,7447 
7518,7445 
7516,7443 
75147441 
75127439 
7510,7437 
7508,7435 
75067433 
75047431 


7417 
7415 
7413 
7411 
7409 
7407 
7405 
7403 
7401 
73991 


7397 
7395 
7393 
7391 
7389 
7387 
7385 
7383 
7381 
73791 


7377 
7375 
7373 
7371 
7369 
7367 
7365 
7363 
7361 
7359 


7502 


7500  7427 


7499 
7497 
7495J 


7429 


7426 
7424 
7422 
749317420 


7491 
7489 
7487 
7485 


58'  [  P9' 


7418 
7416 
7414 
7412 


7357 
7355 
7354 
7352 
7350 
7348 
784C 
7344 
734S 
73401 


60'|61' 


or 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37 


51 
52 
53 
54 
56 
57 
68 
59 
61 
63 


63 
64 
66 
67 
68 
69 
71 
7t 
78 
74 


m 


200 


0 

1 

2 
3 
4 

5 
6 

7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


tabu;  34 

Logarithms  of  the  Appareat  Altitudes  and  Horizontal  Farallax. 


Apparent  Altitude  33' 


Mooa*8  Horizontal  Parallax. 


53' 


J 


•794'. 
•704: 
•794: 
•79  4:i 

•7941 
•793'J 
•7937 
•793j 
•7933 
•7931 


•793t» 
•7928 
•7926 
•7924 
•7922 
•7920 
•7918 
•7916 
•7914 
•7912 


•7910 
•7908 
•7906 
•7904 
•7903 
•7901 
•7899 
•7897 
•7895 
•7893 


•7891 
•7889 
•7887 
•7885 
•7883 
•7882 
•7880 
•7878 
•7876 
•7874 


7872 
7870 
7868 
7866 
7864 
7863 
7861 
7859 
7857 
•7855 


ill 

7808 
7866 
7864 

786:: 
7860 
785?< 
78jf. 
7854 
7852 
7^50 

7849 

7847 

7845 

7843 

7841 

7839  7759 

78377757 

7835  7755 

78337753 

78317751 


55'  56' 


7788 
7786 
7784 
7782 
7780 
7778 
7776 
7774 
7772 
7770 

7769 
7767 
7765 
7763 
7761 


57'l  58' 


7710 
7708 
7706 
7704 
7702 
7700 
7698 
7690 
7694 
7692 

7691 
7689 
7687 
7683 
7683 
7681 
7679 
7677 
7675 
7673 


7633 
7631 
7629 
7627 
7625 
7623 
7621 
7619 
7617 
7615 


7557 
7555 
7553 
7551 
7549 
7547 
7545 
7543 
7541 
7539 


59' 


7483 
7481 
7479 
7477 
7475 
7473 
747?1 
7469 
7467 
7465 


60' 


7410 
7408 
7406 
7404 
7402 
7400 
7398 
7396 
7394 
7392 


7614i7538J7464  7391 
7612,7536  7462  7389 
7610  7534,74607387 
7608,7532,7458i7385 
7606  7530  7456:7383 


7829,7749 
78277747 
7823|7745 
7823:7743 
7822  7742 


7820 
7818 
7816 
7814 
7812 

7810 
7808 
7806 
7804 
7802 
7801 
7799 
7797 
7795 
7793 


7853 
7851 
7849 
7848 
7846 
7844 
7842 
7840 
•7838 


7791 
7789 
7787 
7785 
7783 
7782 
7780 
7778 
7776 
7774 

7772 
7770 
7768 
7767 
7765 
7763 
7761 
7759 
7757 


7740 
7738 
7736 
7734 
7732 


7671 
7669 
7667 
7665 
7664 
7662 
7660 


7604,7528; 
7602  7526. 
7600  7524, 
7598  7522, 
7596  7520 


7454,7381 
7452  7379 
7450,7377 
7448i7375 
74467373 


61' 


7338 
7336 
7334 
7332 
7330 
7328 
7326 
7324 
7322 
7320 


7319 
7317 
7315 
7313 
7311 
7309 
7307 
7305 
7303 
7301 


7594  7518  7444,7371 
7592  7516, 
7590  7514 
7588  7512 
7587  7511 
7585  7509 
583  7507 


74427369 
74407367 
74387365 
743717364 
.7435 


ll 


7658  7581  7505 
7656  7579  7503 


7654 


7356 
7577  750117427  7354 


7433 
7431 
7429 


7299 
7297 
7295 
7293 
7292 
736217290 
73607288 
7358  7286 


7730  7652,7575 
7728  7650  7573 
7726  7648  7571 
7724  7646,7569 
7722  7644:7567 
7721  7643  7566 


7499.7425 
7497,7423 
74957421 
7493  7419 


7719  7641 
7717  7639 
7715  7637 
7713  7635 


7564 
7562 
7560 
7558 


7491 
7490 
7488 
7486 
7484 
7482 


7633 


7631 
7629 


7711 
7709 
7707 
7705 
7703 
7702 
7700 
7698 
7696 
7694  

7692  7614 
7690  7612 
7688  7610 
7687  7609 
7685  7607 
76837605 
7681,7603 


7556  7480 


7417 
7416 
7414 
7412 
7410 
7408 


7284 
7282 


73527280 
7350  7278 
7348  7276 
7346  7274 
7344  7272 


7554  7478 
7552  7476 
7627(7550  7474 
7625  7548  7472 
7624  7547  7471 
7622  7545  7409 
7620:7543  7467 
761875417465 


7406 
7404 
7402 
7400 
7398 
7397 
7395 
.7393 
7391 


7616,7539  7463  7389 


7679,7601 
7677.7599 
78361775517675  7597 


7537  7461 
7535  7459 
75337457 
7532,7456 
7530  7454 
75287452 
7526,7450 
752417448 
7522,7446 
75207444 


■-  ■-  * 


7343 
7341 
7339 
7337 
7335 

7333 
7331 
7329 
7327 
7325 
7324 
7322 
7320 
7318 
7316 

7387i7314 
7385,7312 
73837310 
73827309 
7380,7307 
7378,7305 
73767303 
73747301 
73727299 
7370,7297 


7271 
7269 
7267 
7265 
7263 


7261 
7259 
7257 
7255 
7253 
7252 
7250 
7248 
7246 
7244 


Apparent  Altitizde  S4« 


Moon's  Horizontal  Parisllaz. 


63' 


0-7834 
•7833 
•7831 
•7829 
•7827 
•7825 
•7823 
•7821 
•7819 
•7818 


7242 
7240 
7238 
7237 
7235 
7233 
7231 
7229 
7227 
7225 


54' 


7753 
7752 

7750 
7748 
774C 
7744 
7742 
'740 
7738 


-•^37 


//< 


■7816  7735 


55' 

7673 
7672 
7670 
766H 
766G 
7604 
7662 
7660 
7658 
7656 


J6'  5r 

7595  7518 
7594|7517 
7592,7515 
7590  7513 
7588  7511 
7586  7509 


7814 
7812 
7810 
7808 
7806 
7805 
7803 
7801 
7799 


7797 
7795 
7793 
7792 
7790 
7788 
7786 
7784 
7782 
7781 


7733 
7731 
7729 
7727 
7725 
7724 
7722 
7720 
7718 


7654 
7652 
7651 
7649 


7584 
7582 
758a 


7507 
7505 
7503 


7578  7501 


7576  7499 


7574 
7573 
7571 


7779 
7777 
7775 
7773 
7771 
7770 
7768 
7766 
7764 
7762 


7716 
7714 
7712 
7711 
7709 
7707 
7705 
7703 
7701 
7700 


7647i7569 
76457567 
76447566 
7642,7564 
76407562 
7638)7560 


7698 


7636 
7634 
7632 
7631 
7629 
7627 
7625 
7623 
7621 
7620 


7558 
7556 
7554 
7553 
7551 
7549 
7547 
7545 
7543 
7542 


7618 


7760 
7759 
7757 
7755 
7753 
7751 
7749 
7748 
•7746 
•7744 


7696|7616 
76947614 
7692  7612 
7690  7610 
7689 


7687 

7685 

683 

7681 


7540 
7538 
7536 
7534 
7532 


7609  7531 
76077529 
760517527 
7603,7525 
76017523 


7679  7599,7521  7444 
7678  7598  7520  7443 
7676  7596  7518  7441 
7674  75947516  7439 
7672  7592  7514  743 
76707590  7512  7435 
7668:7588  7510  7433 
7667  7587:7509  7432 
7665;7585  7507  7430 
76637583  7505  7428 


7497 
7496 
7494 


7481 
7479 
7477 
7476 
7474 
7472 
7470 
7468 
7466 
7465 


58' 


tf442  7365,729^  7 
7441  7367:7294  722 
7439  7365'7292  72Jt1 
7437  7363I729U72): 
73Gr72Sls72ia 


^_  I 


7435 
7433 


(_ 


7359:7280  721 1 


7431  7357  72144  7212 
7429  735o'72«2  721« 
7427  7353  72l<O720> 
7425!73517278'720€ 


4 

5 


I 


7346 
7344 


7423 
7421 
7420 

7418 
749217416:7342 
7490 
7489 
7487 
7485 
7483 


7349  7276:720^ 
7347 


7274J720-4 

7273.7201 

727 1 '71 99 

,.        7269  7197 

7414  7340;7267;7195 


74137339  7266  7194 
74117337  72647192 
74097335,7262  7190 
7407|7333!72GO718^ 


7463 
7461 
7459 
7457 
7455 
7454 
7452 
7450 
7448 
7446 


7742 
7740 
7739 
7737 
7735 
7733 
7731 
7729 
•7728 
•7726 


-C-.— 


)0 

11 

12 
13 
II 
15 
16 
17 
18 
19 


7405  73317258  7186 
740317329  72567184 
740l|7327;7254  7182 
7400  7326  7253  7181 
7398  732  l'725l'7179l 
7396  7322;7249  717; 
7394  7320  7247; 7 175 
7392  7318  7245  7173 
7390  73I6;7243,7171 
7389  7315:7242  71701 


7387 
7385 
7383 
7381 
7379 
7378 
7376 
7374 
7572 
7370 


7368 
7367 
7365 
7363 
7361 
7359 
7357 
7356 
7351 
7352 


766117581  7503  7426 
7659  7579  7501-7424 
7658:7578  7500  7423 
7656,7576  7498  7421 
7654,7574  7496  7419 
7652  7572  7494  7417 
7650J7570  7492  7415 
7648  7568  74907413 
7647  7567  7489  7412 
7645  7565  7487  7410 


7350 
7348 
7347 
7345 
7343 
7341 
7339 
7337 
7336 
7334 


«•> 


73Ui7240l7ie8 

731172387166 

7309 

7307 

7305 

7304 

7302 

730O 

7298 

7296 


23G|7164 
7234  7162 
72327160 
72317159 
7229  7157 


7227 
7225 
7223 


7155 
7153 
7151 


7294 
7293 
7291 
7289 
7287 
7285 
7283 


7221  7149 


7220 
7218 
7216 
7214 
7212 
7210 
7282!  7209 
728017207 
72787205 


72767203 

72747201 

7273 

7271 

7269 


2i) 
21 
22 
23 
24 
25 
26 
27 
2* 
2f 


30 
31 
33 
33 
34 
35 
36 
37 
38 
39 


71481 

71461 

7144| 

7142 

7140 

7138 

7137 

7135 

7133 


7131 

7129 

72007129 

7126 


7198 
,7196 


7267,7194 
72657192 
726317190  71 U 


7262:7189 


7124 
7122 

7120 


711 


7260,718717115 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


TABLE  84 
Logaritlims  of  the  Apparent  Altitudes  and  HoriKontal  Parallax. 
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Apparent  Ahitade  35* 


Apparent  Altitude  36® 


Moon's  Horiaontal  PuraQaz. 


Moon's  Horizontal  ParaUaz. 


53' 


7638 


7724 

7722 

7720 

7719 

7717 

7715 

7713 

7711 

771017629 

7708  7627 


7706 
7704 


7703  76227542 


7701 


7699  7618 


7697 
7695] 
7694 
7692 
7690 


7688 
7686 
7685 
7683 
7681 
7679 
7678 


7655 


7651 
7649 
7648 
7646 
7644 
7642 
7641 
7639 
7637 


53' 


&4' 


7643 
7641 


55' 


7563 
7561 


7639  7559  7481 


7636  7556 


7634 
7632 


7630  7550  7472 


7625 
[7623 


7620 


7616 
7614 
7613 
7611 
7609 


7558 


7554 
7552 


56' 


7485 
7483 


7480  7403 


7478 


7474 


7549 
7547 


754S 
7543 


7540 
7538 
7536 
7534 
7533 
7531 
7529 


7471 
7469 


7467 
7465 
7464 
7462 
7460 
7458 
7456 
7455 
7453 
7451 


57' 


7408 
7406 
7404 


7401 


7476  7399  7323 


7395 
7394 
7392 


7607 
7605 
7604 


7602,7522 


7600 
7598 
7597 


7676  7595 
7593 
7672  7591 


7527 
7525 
7524 


7520 
7518 
7517 
7515 
7513 
7511 


7670  7589.7509 
7669  7588  7508 
7667  7586  7506 
7665  7584,7504 
7663  7582  7502 
7662  758l|7501 
7660  75797499 
7658  757717497 
7656  7575  7495 


75747494 


765317572  7492 
75707490 
7568  7488 

75677487 
7565  7485 
75637483 
75617481 


7560,7480 
7558,7478 
7556.7476 


7635  7554  7474 

7634  75537473 

7632  755117471 

7630  7549  7469 

7628 

7627 

7625 

7623 

7621 

7620 


7547 
7546 
7544 
7542 


7467 
7466 
7464 
7462 


7540,7460 
75397459 


54' I  65' 


7449 
7447 
7446 
7444 
7442 
7440 
7439 
7437 
7435 
7433 


7390 
7388 
7387 
7385 
7383 
7381 
7379 
7378 
7376 
7374 


58' 


7332  7258 


733(^ 
7328 
7327 
7325 


7397  7321 


7319 
7318 
7316 


7431 
7430 
7428 


7426  7349 


7424 
7423 
7421 
7419 
7417 


7416  7338 


7414 


7410 
7409 
7407 
7405 
7403 
7402 
7400 
7398 


7396 
7395 
7393 
7391 
7389 
7388 
7386 
7384 
7382 
7381 


7372 
7370 
7369 
7367 
7365 
7363 
7362 
7360 
7358 
7356 


7354 
7353 
7351 


7347 
7346 
7344 
7342 
7340 


7314 
7312 
7311 
7309 
7307 
7305 
7303 
7302 
7300 
7298 


59' 


7256  7183 


7254 
7253 
7251 
7249 
7247 
7245 
7244 
7242 


7296 
7294 
7293 
7291 
7289 
7287 
7286 
7284 
7282 
7280 


7337 


7278 
7277 
7275 
7273 
7271 
7270 
7268 
7266 
7264 
7262 


7412  7335 


7333: 
7332 
7330, 
7328 
7326; 
73251 
7323; 

7321: 


7261 
7259 
7257 
7256 
7254 
7252 
7250 
7249 
7247 
7245 


7319 

7318 

7316, 

7314 

7312, 

7311 

7309, 

7307 

7305 

7304 


7243 
7242 


56' 


7238 
7236 
7235 
7233 
7231 
7229 
7228 


57' I  58' 


7240 
7238 
7237 
7235 
7233 
7231 
7229 
7228 
7226 


60' 


7185 


7181 
7180 
7178 
7176 
7174 
7172 
7171 
7169 


7224  7151 


7222  7149 
7220  7147 
7219  7146 


7217 
7215 
7213 


7212  7139 
7210  7137 


7208 


7204 
7203 
7201 
7199 
7197 
7196 
7194 
7192 
7190 
7188 


7167 
7165 
7164 
7162 
7160 
7158 
7156 
7155 
7153 


61 f   53' 


7113 
7111 
7109 
7108 
7106 
7104 
7102 
7100 
7099 
7097 


0-7618 
•7616 
•7614 
•7613 
•7611 
•7609 
•7607 
•7606 
•7604 
•7602 


54' 


7144 
7142 
7140 


7135 


7206  7133 


7131 
7130 
7128 
7126 
7124 
7123 
7121 
7119 
7117 
7115 


7187 
7185 
7183 
7182 
7180 
7178 
7176 
7175 
7173 
7171 


7169 
7168 


7240  7166 


7164 
7162 
7161 
7159 
7157 
7155 
7154J 


59* 


7114 
7112 
7110 
7109 
7107 
7105 
7103 
7102 
7100 
7098 


7096 
7095 
7093 
7091 
7089 
7088 
7086 
7084 
7082 
7081 


60* 


7095 
7093 
7092 
7090 
7088 
7086 
7084 
7083 
7081 
7079 


7077 

7075 

7074 

7072 

7070 

7068 

7067 

7065 

7063 

7061 


•7600 
•7599 
•7597 
7595 
•7594 
•7592 
•7590 
•7588 
•7587 
•7585 


•7583 
•7582 
•7580 
•7578 
•7576 
•7575 
•7573 
•7571 
•7570 
•7568 


7537 
7535 
7533 
7532 
7530 
7528 
7526 
7525 
7523 
7521 


55' 


7519 
7518 
7516 
7514 
7513 
7511 
7509 
7507 
7506  7426 


7457 
7455 
7453 
7452 
7450 
7448 
7446 
7445 
7413 
7441 

7439 
7438 
7436 
7434 
7433 
7431 
7429 
7427 


56' 


7504 


7059 
7058 
7056 
7054 
7052 
7051 
7049 
7047 
7045 
7043 


-7566 
•7564 
•7563 
•7561 
'7559 
•7558 
•7556 
•7554 
'7552 
•7551 


7042 
7040 
7038 
7037 
7035 
7033 
7031 
7030 
7028 
7026 


•7549 
•7547 
•7546 
•7544 
•7542 
•7541 
•7539 
•7537 
•7536 
•7534 


7024 
7023 
7021 
7019 
7017 
7016 
7014 
7012 
7010 
7009 


61' 


•7532 
•7530 
•7529 
•7527 
'7525 
'7524 
•7522 
•7520 
•7519 
•7517 

"68' 


7502 
7501 
7499 
7497 
7495 
7494 
7492 
7490 
7489 
7487 


7485 
7483 
7482 
7480 
7478 
7477 
7475 
7473 
7471 
7470 


7468 
7466 
7465 
7463 
7461 
7460 
7458 
7456 
7455 
7453 


7451 
7449 
7448 
7446 
7444 
7443 
7441 
7439 
7438 
743C 


54' 


7424 


7422 
7421 
7419 
7417 
7415 
7414 
7412 
7410 
7409 
7407 


7379 
7377 
7375 
7374 
7372 
7370 
7368 
7367 
7365 
7363 


57' 


7361 
7360 
7358 
7356 
7355 
7353 
7351 
7349 
7348 
7346 


7344 
7343 
7341 
7339 
7337 
7336 
7334 
7332 
7331 
7329 


7302 
7300 
7298 
7297 
7295 
7293 
7291 
7290 
7288 
7286 


7284 
7283 
7281 
7279 
7278 
7276 
7274 
7272 
7271 
7269 


58' 


7226 
7224 
7222 
7221 
7219 
7217 
7215 
7214 
7212 
7210 


69' 


7152 
7150 
7148 
7147 
7145 
7143 
7141 
7140 
7138 
7136 


7405,7327 
74037325 
7402  7324 
74007322 
7398  7320 
7397,7319 
7395.7317 
73937315 
7391  7313 
73907312 


7388  7310 
7386  7308 
73857307 
7383  7305 
7381 '7303 
7380,7302 
7378,7300 
7376  7298 


7375 
7373 


7297 
7295 


7371 
7369 
7368 
7366 
7364 
7363 
7361 
7359 
7358 
7356 

55' 


7293 
7291 
7290 
7288 
7286 
7285 
7283 
7281 
7280 
727f 


7267 
7266 
7264 
7262 
7260 
7259 
7257 
7255 
7254 
7252 


7250 
7248 
7247 
7245 
7243 
7242 
7240 
7238 
7236 
7235 


7233 
7231 
7230 
7228 
7226 
7225 
7223 
7221 
7220 
7218 


72087 134 
720717133 
72057131 
7203  7129 
7202  7128 
7200  7126 
7198  7124 
7196  7122 
7195  7121 
7193  7119 


60' 


7079 
7077 
7075 
7074 
7072 
7070 
7068 
7067 
7065 
7063 


71917117 
7190  7116 
7188  7114 
71867112 
7184  711C 
7183  7109 
7181  7107 
7179  7105 
7178  7104 
7176  7102 


56* 


7216i 

7214 

7213 

7211 

7209 

7208 

7206 

7204 

7203 

7201 


7174  7100 
7172  7098 
71717097 
7169  7095 
7167  7093 
7166  7092 
7164  7090 
7162  7088 
7160  7086 
7159  7085 

7083 
7082 
7080 
7078 
7076 
7075 
7073 
7071 
7070 
7068 

7066 
7064 
706? 
7061 
7059 
705f 
705f 
7054 
705: 
7051 


7157 
7155 
7154 
7152 
7150 
7149 
7147 
7145 
7144 
7142 


57' 


7140 
7138 
7137 
7135 
7133 
7132 
7130 
7128 
7127 
7125 

58'  59' 


7061 
7060 
7058 
7056 
7055 
7053 
7051 
7049 
7048 
7046 


7044 
7043 
7041 
7039 
7037 
7036 
7034 
7032 
7031 
7029 


61 


7007 
7005 
7003 
7002 
7000 
6998 
6996 
6995 
6993 
6991 


6989 
6988 
6986 
6984 
6983 
6981 
6979 
6977 
6976 
6974 


or 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


7027 
7025 
7024 
7022 
7020 
7019 
7017 
7015 
7013 
7012 

7010 
7009 
7007 
7005 
7003 
7002 
7000 
6998 
6997 
6995 


6955 
6953 
6952 
6950 
6948 
6947 
6945 
6943 
6941 
6940 


6993 
6991 
6990 
6988 
6986 
6985 
6983 
6981 
6980 
6978 

60' 


6972 
6971 
6969 
6967 
6965 
6964 
6962 
6960 
6659 
6957 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


6938 
6937 
6935 
6933 
6931 
6930 
6928 
6926 
6925 
6923 


6921 
6920 
6918 
6916 
6914 
6913 
6911 
6909 
6908 
6906 

61' 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


P.P. 

to 

"of 

Par. 

^^ 

1 

3 

4 

5 

6 

8 

9 
10 
11 


13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37 


38 
39 
41 
42 
43 
44 
45 
47 
48 
49 


D  D 
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TABLE  34 
Logarithmi  of  the  Apparent  Altitudes  and  Horizontal  Parallax 


Apparent  Altitude  37' 


Apparent  Altitude  38' 


i: 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


Moon's  Horizontal  ParaUtx. 


Moon'a  Horizontal  Paftllas. 


63'     54' 


|0-751t 

•7514 

7512 

-7510 

•7508 
•7506 
•7505 
•7504 
•7502 
•7500 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


•7499 
•7497 
■7495 
•7494 
'7492 
7490 
-7489 
•7487 
-7485 
•7484 


7470 
7469 
'7467 


'7466 
•7464 
7462 
•7461 
7459 
7457 
'7456 
-7454 
7452 
7451 


7434 
7433 
7431 
7429 
7427 
7425 
7424 
7422 
7421 
7419 


7418 
7416 
7414 
7413 
7411 
7409 
7408 


7406  7326 


7404 
7403 


•7482  7401 


7480 

7479 

747! 

7475 

7474 

7472(7391 
7389 
7388 
7386 


7399 
7398 
7396 
7394 
7393 


7449 
•7447 


7446  7365 


7444 


7443  7362 


7441 
-7439 
7438 


7434 


•7433 

7431 

7430 

7428 


I 


7425 
7423 
7421 
7420 

7418 

7 


53 


7385 
7383 
7381 
7380 
7378 
7376 
7375 
7373 
7371 
7370 


7368 
7366 


7363 


55' 


7354 
7353 
7351 
7349 


56' 


7276 
7275 
7273 
7271 


7347  7269 
7345  7267 
7344  7266 
7343  7265 
7341  7263 
7339  7261 


7338 
7336 
7334 
7333 
7331 
7329 
7328 


7324 
7323 


7260 
7258 
7256 
7255 
7253 
7251 
7250 
7248 
7246 
7245 


7243 
7241 
7240 


57' 


7199 
7198 
7196 

7194 
7192 
7190 
7189 
7188 
7186 
7184 


7183 
7181 
7180 
7178 
7176 
7174 
7173 
7171 
7170 
7168 


7166 
7164 
7163 


7321 

7319 

7318 

7316  7238J7161 

7314  72367159 

7313  7235;7158 

73117233  7156 

7309 

7308 

7306  72287151 


723117154 
7230  7153 


7305 
7303 
7301 
7300 
7298 
7296 
7295 
7293 
7291 
7290 


7227,7150 
72257148 
72237146 
72227145 
72207143 
72187141 


7217 
7215 


7140 
7138 


58' 


7123 
7122 
7120 
7118 
7116 
7114 
7113 
7112 
7110 
7108 


7107  70336960 
7105  7031,6958 
7103  70296956 
7102  70286955 
7100170266953 
70246951 
70236950 
70216948 


7098 
7097 
7095 
7093 
7092 


7090 
7088 
7087 
7085 
7083 
7082 
7080 
7078 
7077 
7075 


7213,7136 
72127135 


7288  7210,7133 
7286  72087131 


7436  7355 


7360 
7358 
7357 


7353 


7352 
7350 
7349 
7347 


7426  7345 


7344 
7342 

7340 
7339 
7337 


54' 


7285  7207 
7283  7205 
7282  7204 
7280  7202 
7278  7200 
72777199 
7275,7197 
72737195 


7272  7194 
72707192 
72697191 
7267,7189 
7265j7187 
72647186 


7262 
7260 
7259 
7257 


55' 


7184 
7182 
7180 
7179 


7130 
7128 
7127 
7125 
7123 
7122 
7120 
7118 


7117 
7115 
7114 
7112 
7110 
7109 
7107 
7105 
7104 
7102 


7074 
7072 
7070 
7069 
7067 
7065 
7064 
7062 
7060 
7059 


59' 


60' 


704969766904 
70486975  6903 
704669736901 
70446971  6899 
7042  6969  6897 
704069676895 
7039*6966  6894 
703869656893 
703669636891 
70346961  6889 


7019,6946 
70186945 


7016.69436871 


70146941 


701369406868 


70116938 
7009,6936 
70086935 
7006,6933 
7004*6931 


61' 


53' 


54' 


0-7417,7336 
-7415  7334 
•7413  7332 
•7412  7331 
•7410  7329 
*7409  7328 
-7407  7326 
•7405  7324 
•7404  7323 


-7402 


6888 
6886 
6884 
6883 
6881 
6879 
6878 
6876 
6874 
6873 


•7400 
•7399 
•7397 
-7396 
-7394 
•7392 
•7391 
•7389 
•7368 
•7386 


7321 


6869 


6866 
6864 
6863 
6861 
6859 


•7384 

7383 

7381 

•7380 


7378  7297 


7003:69306858 


7001,69286856 


7000,6927  6855 
6998  6925  6853 
6996  6923  6851 
6995  6922  6850 
6993  6920  6848 


6991 


6918 


7057 
7055 
7054 
7052 
7051 
7049 
7047 
7046 
7044 
7042 


7041 
7039 
7038 
7036 
7034 
7033 
7031 
7029 
7028 
7026 


57'  58' 


69906917 
69886915 
6986,6913 
69856912 


69836910 
69816908 
69806907 
6978,6905 
69776904 
6975*6902 
6973,6900 
6972,6898 
69706897 
6968  6895 


6967,6894 
69656892 
69646891 
69626889 
6960,6887 
6959  6886 
6957|6884 
6955,6882 
6954.6881 
6952,6879 


6846 
6845 
6843 
6841 
6840 


6838 
6836 
6835 
6833 
6832 
6830 
6828 
6826 
6825 
6823 


59'  60 


6822 
6820 
6819 
6817 
6815 
6814 
6812 
6810 
6809 
6807 


61' 


7376 
7375 
7373 
•7372 
'7370 


•7368 
•7367 
'7365 
'7364 
•7362 
•7361 
•7359 
7357 


•7356  7275 


7354 


•7353 
•7351 
•7350 
•7348 
•7346 
•7345 
•7343 
•7342 
'7340 
•7338 


•7337 
•7335 
•7334 
•7332 
•7331 
•7329 
•7328 
•7326 
•7324 
•7323 


7319 
7318 
7316 
7315 
7313 
7311 
7310 
7308 
7307 
7305 


55' 


56^  57' 


7256  7178  7101 
72547176709^ 
7252,7174  7097 
7251;7173  7096 
7249  71717094 


7248  71707093  7017  6943 


7246  7168,7091 
7244  71667089 


58' 


59' 


etf\  61' 


7025  6951 6878!680£ 
7023  6949  6876|«8M 
7021  6947  6874!6803 
7020  6946  6872.6d4K 
7018}6944  687l|6799 


7243 
7241 


7239 
7238 


71657088 


7163 


7161 
7160 


7303 
7302 
7300 
7299 


7295 
7294 
7292 
7291 

7289 


7287 
7286 
7284 
7283 
7281 
7280 
7278 
7276 


7273 


7272 
7270 
7269 
7267 
7265 
7264 
7262 
7261 
7259 
7257 


63' 


7256 
7254 
7253 
7251 
7250 
7248 
7247 
7245 
7243 
7242 


7236  7158 
723517157 
7233  7155 
723l|7153 
72307152 
7228  7150 


7086 


7227 
7225 


7223 
7222 
7220 
7219 
7217 
7215 
7214 
7212 
7211 
7209 


7207 
7206 
7204 
7203 
7201 
7200 
7198 
7196 
7195 
7193 


7192 


7189 
7187 
7185 
7164 
7182 
7181 
7179 
7177 


54' 


7176 
7174 
7178 
7171 
7170 
7168 
7167 
7165 
7163 
7102 


7149 
7147 


7145 
7144 
7142 
7141 
7139 
7137 
7136 
7134 
7133 
7131 


7129 
7128 
7126 
7125 
7123 
7122 
7120 
7118 
7117 
7115 


7114 


71907112 


7111 
7109 
7107 
7106 
7104 
7103 
7101 
7099 


7084  7008  6934  6861 
7083  7007  6933  6860j678( 
7081  7005  6931  685M79C 
7080  7004  6930*6857^785 
7078  7002  6928  6855  6783 
7076  7000  6926  6853  6781 
6999|6925  6852  6780 


7068 
7067 
7065 
7064 
7062 
7060 
7059 


70156941 
70136939 

70126938|6865i6793| 
701069366863  679 


6870679£ 
6868  67M 
6866679^ 


7075 
7073699716923, 


7072i6996  6922J6849 


70706994 


6850  677S 
6777 


6920}6847  6775 


699269186845  6773 
6991  6917*68446772 


69896915 
69886914 


6986691268396767 


6984  6910  6837 


7057  6981 6907  6834  676^ 
7056  6980  6906  6833  6761 


7054  6978  6904 


7052  6976  6902 


7051 
704916973 


7048 

7046 

7045 

7043 

7041 

704016964 

7038  6962 


7098 
7096 
7095 
7093 
7092 


7037 
7035 
7034 
7032 
7030 
7029 
7027 
70261 
7024 
7022 


7021 
7019 
7018 
7016 
7015 


7090,7013 
7089,7012 
7087j7010 
7085;7008 
70B4j7007 


6983 


6975  6901  68 


6961 
6959 
6958 


6954 
6953 
6951 


690968366764 


6842  6770 
68406768 


6765 


1 
I 
3 
4 
i 
ft 

4 

9 


16 
11 
12 
13 
14 
15 
16 
17 
18 
19 


6831  675< 


6o29i6 
6828  6 


757 
756 

6899|6826|6754 
6825  6753 

689616823  6751 
6822  6750 

^89316820  6748 
6818  6746 

68906817  6745 

688816815  674 


6972  6898 

6970 

6969 

6967 

696516891 


6969  6895 


695068766803  6731 


6948 
6946 


55'l  66'l  57' 


6937 
6936 
6934 


6887 
6885 
6884 
6882 
68801 
68791 
6877 


6874 
6872 


6814  6742 

6885|6812  6740 

6811  6735 


695668826809  6737 


6807 

687916806 
6804 


6735 
6734 
673S 


6801  6729 
6799  6727 


694568716798  6726 
6943  6869  6796  6724 
6942  6868  6795  6723 
6940686667936721 
6939)686567926720 


68636790  67H 
68626789  6717 


6860:6787 


6932 6858|6785  6713 


6931 


6857:6784  6712 


68' 


1^1 


St^ 


20 
21 
22 
23 
24 
25 
26 
27 
& 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
46 
49 


6715 


fii 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


TABLE  S4 
Iiogintlinis  of  the  Appsrent  Ahitndi 


203 


Apparent  Altitude  39* 


53'      54'    W 


56'!  57' 


7321I724S7I6O  7082  7005  6929  6855«78£6710 
7320|7239^,7159)7061  7004  692<^*6d546781  €709 
7318;7237;7157  70797002  6926(685267796707 


7317[7236'7156  7078  7001 


6925^6851 6778  6706 


7315  7234:7154,70766999  6923  68496776,6704 
7313  7232  7152 7074  6997  6921  68476774  6702 
7312  7231  7151:7073  6996  6920  68466773.6701 
7310  7229  7149  7071 6994  6918(68446771  6699 
7309  7227  7147  70696992  6916,684267696697 
7307  7226  71467068  6991 16915;684 1.6768,6696 


7306 
7304 
7303 
7301 
7300 
7298 
7296 
7295 
7293 
7292 


58' 


59' 


60' 


61' 


7225  7145  7067  6990j69 14  68406767  6695 
7223  714317065 69886912|6838 67656693 
7222  7142  7064  69876911:6837  6764  6692 
7220  71407062  6985,6909i6835  6762  6690 
72197139,7061  69846908,6834  6761  6689 
7217  7137  7059  6982,6906|6832,6759  6687 
7215  7135  7057  69806904  6830.6 757; 6685 
7214  7134  7056  6979,6903;6829,6756,6684 


7212  7132,7054  6977,6901)6827(6754  6682 
7211  7131  7053  6976  6900;6826  6753  6681 


7290 
7289 
7287 
7286 
7284 
7283 
7281 


7209  7129,7051  6974  6898,6824  6751  6679 
7208  7128  7050  69736897|6823  6750  6678 
7206  71267048  697i;6895  6821 6748  6676 
7205  7125  70476970 6894;68206747  ^«'* 
7203  7123  7045  6968  6892, 68 18]6  74  5 
7202  7122  7044  6967J6891  6817  6744 
7200  7120  7042  C965;68S9,6815  6742 
7199  71197041  6964  688816814  6741 


7280/.jr^f.w-w,.*,..^,w«.^-.^ — -, 
7278  71977117.70396962.6886,68126739 
71957115  7037  6960  688t6gl06737 


7276 


7260 
7258 
7257 
7255 
7254 
7252 
7250 
7249 
724  7 
7246 


r\7^=^. 


/273  7194  7114 
7273  7192  7112 

7272(71917111 

7270 

7269 

7267 

7266 

7261 

7263 

7261 


70366959,6883'6809 

7034  6957,688i;6807 

70336956,68806806 

7190  7110  7032  6955  6879,6805 

7188  7108  7030  6953  6877,6803 


7186  7106 
7185  7105 
7183  7103 
7182  7102 
7180  7100 


7179  7099 
7177  7097 
7176  7096 
7174.7094 
7173  7093 
717117091 
7170,7090 
7168  7088 


7028  69516875,6801 
7027  6950,6874  6800 
7025  6948,6872*6798 
7024  6947,687i;6797 
70226945  6869,6795 


7166 
7165 


7244 
7243 
7241 
7240 
7238 
7237 
7235 
7234 


'7232  7161 


7163 
7162 
7161 
7159 
7157 
7156 
7154 
7153 


7086 
7085 


7021  6944 
70196942 


6736 
6734 
6733 
6732 
6730 
6728 
6727 
6725 
6724 
6722 


6868  6794 
68666792 


7018  69416865,6791 
70166939  6863,6789 
7015  6938  6862  6788 
7013  6936  6860  6786 
70126935  6859  6785 
7010,6933  6857,6783 
700869316855  6781 
7007  6930  6854i6780 


7083 
7082 
7081 
7079 
7077 
7076 
7074; 
7073 
7071 
72ai|7150  7070 


7005  6928 
7004  6927 
70036926 
70016924 
6999  6922 
6998  6921  6845 
6996*6919 
6995  6918 
6993,6916 
6992,6915  6839 


\  :::\::. 


6721 
6719 
6718 
6716 
6715 
6713 
6712 
6710 
6708 
6707 


6852^6778 
6851  6777 
68506776 
C848!6774 


168466772, 
'6771 
684316769 
684216768 
6840  6766 


6705 
6704 
6703 
6701 
6699 


6675 
6673 
6672 
6670 
6669 
6667 
6665 


6664 
6662 
6661 
6660 
6658 
6656 
6655 
6653 
6652 
6650 


6649 
6647 
6646 
6644 
6643 
6641 
6640 
6638 
6636 
6635 

6633 
6632 
6631 
6629 
6627 


6765 


»/k« 


66986626 
66966624 
6695:6623 
66936621 
66926620 


Appsrent 


4tf 


53 


'  I  54'l  55'l  56'r  57'j  58'  59'!  60'[  6?' 
22917148  7068  69906913  6837*6763  6690  6618 


0-7229(7148 
•72287147 
-7226(7145 
-7225j7144 
-7223  7142 
-7222  7141 
-7220j;i39 
-7219  7138 


067|69896912|6836'6 


•7217 
-7216 


7214 
7213 


7136 
7135 


7065-6987 

7064  69866909 

7062  6984(690 

7061.6983i6906 

70596981; 

7058  69806903)6827 

7056  697 

7055  697 


7 133  7053  6975  6898  6822)6 
7132  705269746897  6821 

70506972|6895|6819 

704969716894 


7211J7130 

7210  7129 

7208  7127  7047  6969J6892 

7207  7126 

7206  7125 

7204  7123  7043:6965 


7202 
7201 


•7199 
•7198 
-7196 
•7195 
•7193 
•7192 
•7190 
•7189 
•7188 
•7186 


7185 
7183 
7182 
7180 
7179 
7177 
7176 
7174 
7173 
7171 


70466968 
7045!6967 


7121 
7120 


70416963 
70406962 


7119  7039,69616884 
7117*7037,6959  6882 


6808 
6806 
7115  7035;6957  68806804 
7114!7034;6956|6879|6803 


.1 


711270326954 
711170316953 
7110  70306952 


7108 
7107 
7105 


7028.6950  6873 
6872 


7027|6949 


7025  694708706794 


7104,7024,6946 
710270226944 
7101|702i;6943 
7099  70196941 


7170 
7168 
7167 
7165 
7164 


7098 
7096 
7095 
7093 
7092 
7090 


7089 
7087 
7086 
7084 
7083 


7018  6940 
70166938 
70156937 
7013,6935 
7012  6934 
70106932 


•71627081 
71617080 
7160  7079 
71587077 
71577076 


715517074 


7154,7073 
•7152,7071 
•7151,7070 
•7150  7068 
•7148  7067 
7146  7065 
7145  7064 


7143 
7142 


7062 
7061 


7009  6931 
7007,6929 
7006;6928 
7004  6926 
7003  6925 
7001*6923 
7000*6922 
6999*6921 
6997|6919 


6891 


68906814 


6888 


68866810 
6885  6809 


6877 
6876 
6875 


6734,6661  6589 
6732,6659  6587 
6730!6657  6585 
6729:6656  6584 
67276654  6&82 
67266653  6581 
6799  67256652  6580 
6723*6650  6^79 
6722  66496577 
67216647  65751 


6801 
6800 


6797 
6796 


6869 
6867 
6866 
6864 
6863 
6861 
6860 
6858 
6857 
6855 


6854 
6852 
6851 
6849 
6848 
6846 
6845 
6844 
6842 


699669186841 


6994;69166H39 
6993  6915:6838 
69016913,6836 
6990>912;68S5 
6988,6910,6833 
6987  6909,6832 
6985  6907  6830 
6984  6906,0829 
6982,6904,6827 
6981 16903  6826 


676366901661^ 

7626689  6617 

691016834  67606687  6615 

6833<6759'6686  6614 

683li6757  6684  6612 

6830j6756^682|66l 

6904|6828<6754  6681 

67536680166 
7816901 16825|6751 6678 
77t6900  6824  6750*6677  660 


6818 
6816 
6815 


6812 


748  6675 
67476673  6601 

67456672 
6744,6671  6599 
6742  6669  6597 
67416668  6596 
6595 
6593 
6591 
6590 


67406667 
67380665 
67366663 
67356662 


6719 

6717 

6716 

6714 

6713, 

6711 

67  lo! 

6708 

6707 


6705 


6793 
6791 
6790 
6788 
787 
6785 
6784 
6782 
6781 

6m 

6778,6704 
6776,6702 
67756701 
6773,6699 
67726698 
67706696 
67696695 
6768  6694 
6766,6692 
6765  6691 

6783  6689 
7626688 
6760  6686 
67596685 
6757  6683 
6756  6682 
6754  6680 
6753  6679 
67516677 
67506676 


6631 
6629 
6628 
6626 
6625 
6623 
6622 
6621 
6619 
661H 


6616 
6615 


6612 
6610 
6609 
6607 
660€ 
6604 
6603 

All' 


6646 
6644 
6643 
6641 
6640 
6638 
6637 
6635 
6634 
663216560 


6544 
6543 


6613  6541 


4531 


6540 
6538 
6537 
6535 
6534 
6532  58 


59 


TABLE  34 
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TABLE  Zi 
Logiritlims  of  the  Apparent  Altitudes  and  HoriioHtal  PaiaDaK. 


Apparent  Altitude  49' 


Moon'i  Horisontal  FanUaz. 


M' 


0 
1 
2 
S 
4 
5 
6 
7 
8 
9 

10 
U 
12 
13 
14 
15 
16 
17 
18 

ii 
20 
21 
22 
23 
24 
25 
26 
27 
28 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
67 
58 
59 


65326451 


6531 
6530 
6529 
652b 
6527 
6526 
6525 


54' 


6450 
6449 
6448 
6447 
6446 
6145 
6144 


55'  56'  57'  58' 1  59' 


6523|6442 
6522^441 


63716293 
63706292 
63696291 
63686290 
6367  6288 
6365  6287 
6364  6286 
63636285 
63626284 
6361  6283 


6216,6140 
6215  6139 
6214  6138 
62136137 
621l'6135| 
62106134 
62096133 
62086132 
62076131 
62066130 


6066  5993 


6065 
6064 
6063 
6061 
6060 
6059 
6058 
6057 
60561 


65216440 
6520|6439 
65196438 
65186437 
65]7|6436 
6516  6435 
65156434 
6514*6433 
65136432 
65 11 16430 


63606282 
;63596281 
6358  6280 
[6357  6279 
63566278 
;6355  6277 
6354  6276 
6353  6275 
6352  6274 
6350  6272 


6205  61296055 
6204  6128.6054 
6203  6127|6053 
620261266052 
620l'6i25,6051 
62006124  6050 
6199  6123  6049 
61986122  6048 
619761216047 
619561196045 


6510  6429 
6509  6428 
65086427 
6507  6426 
6506  6425 
6505  6424 
6504|6423 
6503  6422 
6502!6421 
650116420 


65006419 
649816417 
6497i6416 


6349  6271 
6348  6270 
63476269 
6346  6268 
6345  6267 
6344  6266 
6343  6265 
63426264 
6341  6263 
6340  6262 


fl94  6118  6044 
6193  6117  6043 
6192  61166042 
61916115  6041 
61906114  6040 
6189  6113  6039 
6188  6112  6038 
6187!61116037 
6186,61106036 
6185  6109  6035 


6496 
6495 
6494 
6493 
6492 
6491 
6490 


6415 
6414 
6413 
6412 
6411 
6410 
6409 


6339  6261 
6337  6259 
6336  6258 
6335  6257 
6334  6256 
6333  6255 
6332  6254 
633r6253 
6330,6252 
6329.6251 


6489,6408 
64886407 
64876406 


6486 
6484 
6483 
6482 
6481 
6480 


6405 
6403 
6402 
6401 
6400 
6399 


6184,6108  6034 
6182  61066032 
618l!6105  6031 
6180  6104  6030 
61796103  6029 
6178  6102  6028 
61776101^6027 
61766100,6026 
61756099  6025 
6174  6098:6024 


6328,62506173 
6327,62496172 
6326,6248  6171 
6325  62476170 


60/ 


5992 
5991 
5990 
5988 
5987 
5986 
5985 
5984 
5983 


5982 
5981 
5980 
5979 
5978 
5977 
5976 
5975 
5974 
5972 


5971 
5970 
5969 
5968 
5967 
5966 
5965 
5964 
5963 
5962 


5961 
5959 
5958 
5957 
5956 
5955 
5954 
5953 
5952 
5951 


6097,6023  5950 
6096  602215949 


61' 


5921 
5920 
5919 
5918 
5916 
5915 
5914 
5913 
5912 
5911 


5910 
5909 
5908 
5907 
5906 
5905 
5904 
5903 
5902 
5900 


5899 
5898 
5897 
5896 
5895 
5894 
5893 
5892 
5891 
5890 


5889 
5887 
5886 
5885 
5884 
5883 
5882 
5881 
5880 
5879 


5878 
5877 

6095;6021|5948|5876 

6094  6020 


5947 


6323  6245  6168  6092  6018  594515873 
6322*62446167  609i;6017,5944  5872 
632l!6243;6166  6090,6016  5943  5871 
6320  6242  6165  6089,6015  5942|5870 


6479  6398 


6478 
6477 
6476 
6475 
6474 


6397 
6396 
6395 
6394 
6393 


6473«392 
04726391 
64716390 
64706389 
64696388 


K.9* 


f 


KA' 


6319!624l|6l64  6088  6014  5941 
6318  6240  6163  6087,6013  5940 


6317|6239 
6316,6238 
6315  6237 
63146236 
63136235 
6312,6234 
63116233 
63106232 
6309  6231 


6308 


6230 


6162 
6161 
6160 
6159 
6158 
6157 
6156 
6155 
6154 
6153 


57' 


5939 


5867 


6086,6012 

6085  6011 593815866 

6084  6010 

6083  6009 

6082  6008 


6081 
6080 
6079 
6078 
6077 


56' 


6007 
6006 
6005 
6004 
6003 

59' I 


5937 
5936 
5935 
5934 
5933 
5932 
5931 
5930 

60' 


5875 


5869 
5868 


5865 
5864 
5863 
5862 
5861 
5860 
5859 
5858 


Apparent  Altitude  50* 


Moon'i  Horuootal  Panllax. 


53'  I  54'  55'  56'  57' 


61' 


6072 
6071 
6070 


6068 
6067 
6066 


•6467  63866306  6228  6151  6075 
-6466  6385  6305*6227  6150  6074 
•646516384  6304  6226  6149|6073 
•6464  6383  6303,6225  6148 
•6463  6382  6302  6224  6147 
•6462  6381 6301  6223  6146 
•6461  '6380  6300  6222  61 45|6069 
•646068796299  6221 6144 
•6459  6378  6298  6220  6143 
•6458637762976219  6142 

•6457,63766296 
•645663756295 
•6455*6374  6294 
•645463736293 
•645363726292 
•645263716291 
•645i;63706290 
-6450,63696289 
•6448  6367  6287 
•644763666286 


0218Gl4li'065 
62176140  6064 
6216613916063 
6215  61386062 
6214  6137  6061 
6213  6l36>6060i5986 
62)2  61356059 
62116134  6058 
6209  613260565982 
6208  613160555981 


•644663656285 
•644516364  6284 
•6444  63636283 
•6443  6362  6282 
^644216361 6281 
•644163606280 
•644063596279 
•6439!6358  6278 
•6438  63576277 


6207  6130 1>054 
620661296053 
6205  6128  6052 
6204  61276051 
6203  61266050 
6202  6125 
6201 6124 
6200  6123 
6199  6122 


643763566276  6198  6121 


■643663556275 
6435  6354  6274 
63536273 
6352  6272 
635l!6271 


•6434 
•6433 
•6432 
•6431 
•6430 
•6429 


63506270 
63496269 
6348*6268 


•6428  63476267 
•6427  6346:6266 


•6426 
'6425 
•6423 
•6422 
•6421 
•6420 
-6419 


63456265 
6344  6264 


•6415 
•6414 
•6413 
•6412 
.6411 


•6409 
-^08 
-6407 
•6406 


53^ 


6197  6120' 
619661196043 
61956118 
6194  6117 
6193,6116 
16192  6115 
619l|6114 
6190  6113 
6189  6112)6036 


6342 
6341 
6340 
6339 
6338 


•64186337 
•64176336 
•64166335 


6262 
6261 
6260 
6259 
6258 
6257 
6256 
6255 


6334 
6333 
6332 
6331 
6330 


•64106329 


6328 
6327 
6326 
6325 

54' 


6254 
6253 
6252 
6251 
6250 
6249 
6248 
6247 
6246 
6245 


55' 


6188 


6187 
6186 
6184 
6183 
6182 
6181 
6180 
6179 
6178 
6177 


6111 


6110 


6176 
6175 
6174 
6173 
6172 
6171 
6170 
6169 
6168 
6167 


56' 


58' 


6049 
6048 
6047 
6046 
6045 


•044 


6042 
6041 
6040 


6034 


61096033 
61076031 
61066030 
61056029 
6104  6028 
61036027 
61026026 


6101 


61006024 


6099 
6098 
6097 


6095 
6094 
6093 
6092 
6091 
6090 


6025 


6023 
6022 
6021 


60966020 


6019 
6018 
6017 
6016 
601 S 
6014 


59'|  60' 


6001'&928 

60005927 

59995926 

5998  5926 

59975924 

59965923 

5995|5 

5994>592I 

5993*5920^64 

5992:5919  564 


5991,5918|5846, 

5990;5917  5845' 

5989 

5988 

5987 


5916  S644)  12 


59155643 


5914 


5985 
5984  5911] 


5980 


5907 


5979,5906 
597815905 
5977,5904 
5976*5903 


5642 


591358411 
59125840 


5839 
590915837 
5908  5836 


13 
14 
15 
16 
17 
18 
19 


5835. 


20 
5834'  21 
(5833  22 
5832' 23 


5831 


597559025830 


5974 
5973 
5972 
5971 
5970 
5969 
5968 
5967 
5966 


5901 
5900 


5899|5827i 
58985826^ 


5897 
5896 


58955823 


5894 


5822 


6039  5965 
60385964 


5963 
5962 
5961  5888 


58905818 

588915817 

5816 


5960 
5959 


5887 
5886 


5957  5884 
5956  5883 
5955  5882 
5954  5881 


5953 


5951 
5950 


5949 
5948 
5947 
5946 
5945 
5944 
5943 
5942 
5941 
5940 


57' I  58'  59' 


5893  5821 
58925820 


5891 


5952  5879  5807 


5878 


5876 


5874 
5873 
5872 
5871 
5870 
5869 
5868 
5867 
60 


5829 
5828 


24 
25 
26 
27 


29 


5825 
5824 


5819 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


5815 
5814 
5812 
5811 
5810 
5809 


5880  5808 


5806 


58775805 


5804 


5875  5803 


580^ 
5801 


5800  54 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


60 
51 
52 
53 


5799 
5798 
5797 
5796 
5795 


fii' 


55 
56 
57 

59 
59 
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Logarithms  of  tlie  Apparent  Altitudes  and  Horizontal  Parallax. 


Apparent  Altitude  51' 


Moon's  Horizontal  ParaUaz. 


53' 


0 


6105 
•6404 
6403 
6402 
•6401 
•6400 
•6399 
•6398 
.6397 
•6396 


54' 


6324 
6323 
6322 
6321 
6320 
6319 
6318 
6317 
6316 
6315 


6395 
•6394 
•6393 
•6392 
•6391 
•6390 
•6389 
•6388 


6314 
6313 
6312 
6311 
6310 
6309 
6308 
6307 
-6387|6306 
-63866305 


'63856304 
-6384;6303 
•6383;6302 
•63826301 
•6381J6300 
•63806299 
-63796298 
•6378:6297 
•637716296 
•6376:6295 


•6375:6294 
•63746293 
-63736292 
-6372|6291 
•6371:6290 
•6370;6289 
•63696288 


•6368 
•6367 
•6366 


6287 
6286 
6285 


•6365 
-6364 


6284 
6283 


-6363:6282 
-6362  6281 


-6361 
•6300 
•6359 
•6358 
•6357 
•6356 


6280 
6279 
6278 
6277 
6276 
6275 


-6355 
-6354 
'6353 
•6352 
•6351 
•6350 
•6349 
•6348 
•6347 


55'  56' 


62446166 
624316165 
6242-6164 
6241J6163 
6240  6162 


57' 


6239 
6238 
6237 
6236 
6235 


6234 
6233 
6232 
6231 
6230 
6229 
6228 
6227 
6226 
6225 


6224 
6223 
6222 
6221 
6220 
6219 
6218 
6217 
6216 
6215 

6214 
6213 
6212 
6211 
6210 
6209 
6208 
6207 
6206 
6205 


6161 
6160 
6159 
6158 
6157 


6156 
6155 
6154 
6153 
6152 
6151 
6150 
6149 
6148 
6147 


6146 
6145 
6144 
6143 
6142 
6141 
6140 
6139 
6138 


6089 
6088 
6087 
6086 
6085 
6084 
6083 
6082 
6081 
6080 


6079 
6078 
6077 
6076 
6075 
6074 
6073 
6072 
6071 
6070 


6069 
6068 
6067 
6066 
6065 
6064 
6063 
6062 
6061 


613716060 


6136!6059 
61356058 
6134  6057 
61336056 
61326055 
61316054 
61306053 
61296052 
6128  6051 


6204 
6203 
6202 
6201 
6200 
6199 
6198 
6197 
6196 
6195 


6274 
6273 
6272 
6271 
6270 
6269 
6268 
6267 
6266 


-63466265 
53'  1  54' 


6127 


6126 
6125 
6124 
6123 
6122 
6121 
6120 
6119 
6118 
6117 


6050 


6049 
6048 
6047 
6046 
6045 
6044 
6043 
6042 
6041 
6040 


6194 

6193 

6192 

6191 

6190 

6189 

6188 

6187) 

6186 

6185 


55' 


6116 
6115 
6114 
6113 
6112 
6111 
6110 
6109 
6108 
6107 


58' 


6013 
6012 
6011 
6010 
6009 
6008 
6007 
6006 
6005 
6004 


5939 
5938 
5937 
5936 
5935 
5934 
5933 
5932 
5931 
5930 


6003 
6002 
6001 
6000 
5999 
6998 
5997 
5996 
5995 
5994 


5993 
5992 
5991 
5990 
5989 
5988 
5987 
5986 
5985 
5984 


5983 
5982 
5981 
5980 
5979 
5978 
5977 
5976 
5975 
5974 


5973 
5972 
5971 


6039 
6038 
6037 
6036 
6035 
6034 
603.') 
6032 
6031 
6030 


5968 
5967 
5966 
5965 
5964 


59'  60' 


5929 
5928 
5927 
5926 
5925 
5924 
5923 
5922 
5921 
5920 


5919 
5918 
5917 
5916 
5915 
5914 
5913 
5912 
5911 
5910 


61' 


5866 
5865 
5864 
5863 
5862 
5861 
5860 
5859 
5858 
5857 

58565784 
5855  5783 
5854  5782 


5853 
5852 
5851 
5850 


5794 
5793 
5792 
5791 
5790 
5789 
5788 
5787 
5786 
5785 


5781 
5780 
5779 
5778 


58495777 
5848*5776 
5847:'5775 


5846 
5845 
5844 
5843 
5842 
5841 
5840 
5839 
5838 
5837 


5909 
5908 
5907 
5906 
5905 
5904 
5903 
5902 
5901 
5900 


5899 
5898 
5897 


59705896 
5969  5895 


56' 


57' 


5963 
5962 
5961 
5960 
5959 
5958 
5957 
:)956 
5955 
5954 


58' 


5774 
5773 
5772 
5771 
5770 
5769 
5768 
5767 
5766 
5765 


5836 
5835 
5834 
5833 
5832 
5831 
58305758 


5764 
5763 
5762 
5761 
5760 
5759 


5829 
5828 


5757 
5756 


5827  5755 


5826 
5825 
5824 
5823 


Apparent  Altitude  52' 


Moon's  Horizontal  Parallax. 


53' 


-6345 
'6344 
•6343 
'6342 
-6341 
-6340 
-6339 
'6338 
'6337 
'6336 


•6335 
•6334 
'6333 
'6332 
'6331 
•6330 
'6329 
'6328 
'6327 
-6326 


54' 


6264 
6263 
6262 
6261 
6260 
6259 
6258 
6257 
625G 
6255 


•6325 
'6324 
'6323 
'6322 
'6321 


6254 
6253 
6252 
6251 
6250 
6249 
6248 
6247 
6246 
6245 


6244 
6243 
6242 
6241 
6240 


'6320  6239 
'6319  6238 
'6318  6237 
'6317  6236 


'6316 


6235 


'63156234 
•63146233 
•63136232 
-6312  6231 
•631i;6230 
•6310,6229 
•6310,6229 
•6309  6228 
•6308  6227 
•6307!6226 


55' 


6184 
6183 
6182 
6181 
6180 
6179 
6178 
6177 
6176 
6175 


6174 
6173 
6172 
6171 
6170 
6169 
6168 
6167 
6166 
6165 


6164 
6163 
6162 
6161 
6160 
6159 
6158 
6157 
6156 
6155 


6154 
6153 
6152 
6151 
6150 
6149 
6149 
6148 
6147 
6146 


5754 
5753 
5752 
5751 


5894 
5893 
5892 
5891 
5890 

5889 
5888 
5887 
5886 
5885 
5884 
5883 
5882 
5881 
5880 


58225750 
58215749 
58205748 
58195747 
5746 
5745 


5818 
5817 


59' 


5816 
5815 
5814 
5813 
5812 
5811 
5810 
5809 
5808 
5807 


60^ 


5744 
5743 
5742 
5741 
5740 
5739 
5738 
5737 
5736 
5735 


61' 


•6306  6225;6145 
•6305  6224  6144 
•6304  6223*6143 
-6303  6222  6142 
•6302  62216141 
•6301  6220  6140 
•63006219  6139 
•6299  6218  6138 
•6298  621 7;6137 
•6297  62166136 


56' 


6iU0 
6105 
6104 
610o 
6102 
6101 
6100 
6099 
G098 
6097 


6096 
6095 
6094 
6093 


57' 


6029 
6028 
6027 
602G 
6025 
6024 
602»J 
6022 
6021 
6020 


6019 
6018 
6017 
6016 


60926015 
60916014 


6090 
6089 
6088 
6087 


6086 
6085 
6084 
6083 
6082 
6081 
6080 
6079 
6078 
6077 


6076 
6075 
6074 
6073 
6072 
6071 
6071 
6070 
6069 
6068 


6067 
6066 
6065 
6064 
6063 
6062 
6061 
6060 
6059 
6058 


•6296  6215  6135 
•6295  6214  6134 
•6294  6213  6133 
•62936212  6132 
•6292  62116131 
•6291  6210 
'6290  6209 
•6289  6208 
-6288  6207 
6206 


'6287 


53' 


6013 
6012 
6011 
6010 


6009 
6008 
6007 
6006 
6005 
6004 
6003 
6002 
6001 
6000 


5999 
5998 
5997 
5996 
5995 
5994 
5994 
5993 
5992 
5991 


58' 


J953 
5952 
5951 
J950 


59' 


5879 
587fc 
5877 
5876 


5949  5875 
59485874 
59475873 
5946  5872 


5945 
5944 


5943 
5942 
5941 
5940 


5871 
5870 


5869 
5868 
5867 


,5866 
59395865 
5938  5864 


5937 
5936 
5935 
5934 


5933 
5932 
5931 
5930 
5929 
5928 
5927 
5926 
5925 
5924 


5863 
5862 
5861 
5860 


5859 
5858 
5857 
5856 
5855 
5854 
5853 
5852 
5851 
5850 


5923  5849 


5922 
5921 


5848 
5847 


5920  5846 
59195845 

'r. 


5918 
5918 
5917 
5916 


60^ 

jHCC 
J80i> 
5804 

5802 
J801 
580C 
5791' 
579}- 
5797 

5796 
5795 
5794 
5793 
5792 
5791 
5790 
5789 
5788 
5787 


5844 
5844 
5843 
5842 


591515841 


5990 
5989 
5988 
5987 
5986 
5985 
5984 
5983 
5982 
5981 


5914:5840 
59135839 
5912,5838 
59115837 
5910  583C 
59095835 
5908  5834 
5907  583:. 
59065832 
»905  5S3] 


54' 


6130 
6129 
6128 
6127 
6126 

55' 


6057 
6056 
6055 
6054 
6053 
6052 
6051 
6050 
604f 
6048 

56' 


•)98r 

5979 
597P 
597 


5904  583(" 
•»903  5829 
5902'582f- 
.1901  582 


61 


■>72'j 


5724 
5723 
5722 
5721 
5720 
5719 
5718 
5717 
5716 
5715 


5767 
5766 
5765 
5764 
5763 
5762 
5761 
5760 
5759 
5758 


597r|'»900  582C 

59  7r 

5974 

597: 

597'. 

5971 

57'| 


•)899  582: 
'»898  5824 
'»897  582:' 
»806  5822 
'>S95  5821 

58'  59' 


5757 

5756 

5755 

5754 

5752 

575? 

5751 

575( 

5749 

5748 


568f 
568- 
568: 
568; 
5681 
56H( 
567<. 
567^ 
567: 


i:i 


.567( 
60'|  61' 


B  ku 
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TABIiE    34 
Logarithms  of  the  Apparent  Altitadea 


Apparent  Altitude  65* 


Moon's  Horizoutal  Parallax. 


53' 


0 
1 
2 
3 
4 
5 
6 
7 
8 
_9^ 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


5737 
•5737 
•5736 
•5735 
•5735 
•5734 
•5734 
•5733 
•5733 
•5732 


5656'5576>498  5421 


54' 1 55'  I  56' 


5656 
5655 
5654 
5654 
5653 
5653 
5652 
5652 
5651 


557654985421 


.5731 
.5731 
•5730 
•5730 
•5729 
•5728 
•5728 
•5727 
•5727 
•5726 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


•5725 
•5725 
•5724 
•5724 
•5723 
•5723 
•5722 
•5721 
•5721 
•5720 


5574  54965419 

5574  549615419 

5573 

5573 

5572 


5650 
5650 
5649 
5649 
5648 
5647 
j647 
5646 
5646 
5645 


5572 
5571 


5495  5418 
5495  5418 
5494  5417 
5494  5417 


5493 


5570 
5570 
5569 
5569 
5568 
5567 


5567  5489 


5566 
5566 
5565 


5644 
5644 
5643 
5643 
5642 
5642 
5641 
5640 
5640 
5639 


30 
31 
32 
33 
34 
35 
36 

37 
38 

40 
41 
42 
43 
44 
45 
46 
47 

4? 
49 


•5720 
•5720 
•5719 
•5718 
•5717 
•5717 
•5716 
•5716 
•5715 
•5715 


5639 
5638 
5638 
5637 
5636 
5636 
5635 
5635 
5634 
5634 


54915414  5338 


57' 


58' 


59' 


6345  5271 


5345 
5575|5497|5420t5344 
5343 
5343 
6342 
5342 
5341 
5341 
6340 


5492 


6416 


5415  6339 


5492  6415 


54915414 
54905413 
5489  5412 


5339 


6412 


5488:6111 
54886411 
54876410 


5564  54866409 
5564  54866409 
5563  5485  6408 
5563  5485  6408 
5562  5484  6407 
5562,5484  6107 
556i;54836406 
5560|5482  6405 
5360  5482  6405 
5559:6481  6404 

6404 


5559,6481 
5558  6480 
55586480 
5557,5479 
5556,6478 
55566478 
5555  6177 
5555  6477 
5554  6476 
5554  6176 


6271 
627U 
6269 
6269 
6268 
6268 
6267 
5267 
6266 


6338 
6337 
5336 
6336 
6335 
6335 
6334 


6265 
6265 
6264 
6264 
6263 


6192 
6192 
5191 
6191 
6190 
6262  6189 


6333 
6333 
6332 
6332 
6331 
6331 
6330 
6329 
6329 
6328 


5714  5633 
5713  5632 
5713  5632 
5712^631 


5712 
5711 
5711 
5710 
5709 
5709 


5631 
5630 
5630 
5629 
5628 
5628 


6403 
5403 
6102 
6401 
6401 
6400 
6400 


5198  6126 


6198 
6197 
6196 
6196 
5195 
6195 
5194 
6194 
6193 


6262 
6261 
6261 
6260 


5259 
5259 
6258 
6258 
6257 
5257 
6256 
5255 
5255 
6254 


6328 
6327 
6327 
6326 
6325 
6325 
6324 
6324 


60*  61' 


6126 
6126 
6124 
6124 
6123 
6123 
6122 
6122 
6121 


6189 
6188 
6188 
6187 


6186 
6185 
6185 
6184 
6184 
6183 
6182 
6182 
6181 


6254  6181 


6253 
6253 
6252 
6251 
6251 
6250 


63996323 
6399,6323 


5553  6475  6398 
5552  5474  6397 
5552  6474  6397 
55515473  6396 


5551,5473 
55506472 
55506472 
5549  6471 
5548  5470 
5548I6I70 


6396 
6395 
6395 
6394 
6393 
6393 


5322 
6321 
5321 
6320 
6320 
6319 
5319 
6318 
6317 
5317 


6180 
6180 
5179 
5178 
6178 
6177 


6120 
6120 
6119 
6119 
6118 
6117 
5117 
6116 
6116 
6115 


61866114 


6114 
6113 
6113 
5112 
6112 
6111 
6110 
6110 
6109 


Apparent  Altitude  €6' 


l 


Moen'a  Horizontal  Barailaz. 


53' 


•5703 
•6702 
•6702 
•6701 
'6700 
•6700 
-6699 
-6699 
•6698 
•6698 


-6697 
•6697 
•6696 
-6696 
-6696 
-6694 
'6694 
-6693 
-6693 
-6692 


6250;5177 
52496176 
62496176 


6109 
6108 
6108 
6107 
6106 
6106 
6105 
6106 
6104 
5104 


55476469  6392 
554  7|6469  6392 
5546,6468  5391 
5546,6468  5391 
5545;6467  6390 
5545  6167:6390 
5544|64666389 
5543  6465  6')88 


6248  6175  6103 
6247|6174  6102 
6247  6174  5102 
5246,6173  6101 
6246  6173  5101 
6245  61726100 
6245  6172  5100 
5244  61716099 
5243{9l70  6098 
6243  6170,5098 


6692 
-6691 
-6690 
-6690 
•6689 
-6689 
-6688 
-6688 
•6687 
•6687 


54 'I  55' 


6622'654~2 


6621 
6621 
5620 
5619 
6619 
5618 
5618 


6541 
6541 
5540 
6639 
6639 
6638 
5638 


6617  6637 


5617 


6616 
6616 
6616 
6614 


6612 
6612 
5611 


6637 


6636 
5636 
6536 
6634 


6614  6634 
6613  6633 
6613  6633 


6632 
6631 


6611 

6610 

6609 

6609 

6608 

6608 

5607 

6607 

660616626 

560615626 


-6686 
-6686 
•6685 
-6684 
-6684 
-6683 
•6683 
•6682 
•15682 
•5681 


6631 
6630 
6629 
6629 
6628 
6628 
6627 
6627 


56' I  57^1  58 
5464^387j63 11^23 


6463  6386 
6462^85 
64616384 
61615384 
6460-5383 


6460 
6469 
6469 


5468 
6468 


6381 
6381 


58'f  59'l  60 
»1 1^237,616 


t 


61' 


6164  509J 

6463;5i66'53 10|5236 '6 163^5091 

5310S236'6163!S091 

53119^6236  5162!509< 

6308  6234  6161.5081 


en 


6308i6234;5161 
6307  6233(5160 
6307  523316 160f 


5383 

638216306162325169*608 

6382 


6306|6232:6169.60S 


5306  6231^168 


iJ6] 

161 


6632  6464 


6306,623 1*6 1 68 
630416230  6167 

6379:6303  •^'>^«^ 

63796303 


54676380 
6466  •^•-" 
6456 
6466 
6466 


0 
1 
2 
3 
4 
5 

C 

i> 

4 

% 

9 


I 


^ 


63786302 
6378'6302 


6229  61 666094 
6229  616660ai 


6464 
6463 


630116227 


6377 

6377  6301 J6227 

637G6300!6226| 


6463  6376 


6462 
6461 
6461 
6460 
6460 
6449 
6449 
6448 
6448 


6376 
6374 
6374 


62286166*6083 
6228  61666063 
6164J5082 
6164'^ 


6300 
6299 
6298 
6298 


6226 


6226616%606( 


10 
11 
12 
13 
14 
15 
16 
K 
18 
19 


6163} 


II 


Ii 


h 
i* 


6606  6626 
5604 '6624 
6G04;6624 
6603  6523 
6603'6623 
6602'6622 
66026622 
6601  6621 
66016521 
56005620 


•6681 

'6680 

'5680 

•6679 

•6679 

•6678 

•667H 

•667 

•6676 

•5676 


6447 
6146 
6446 
6446 
6446 
6444 
6444 
6443 
6443 


6224 
6224 
6373  6297;5223 
6373  6297  6223 
6372  6296-6222 
6372  6296  6222 
6371|6296'6221 
537 1!6296  6221 


6370,6294  6220 
6369;62936219 
6369,62936219 
6368:62926218 
6368;6292  6218 
6367|629l'6217 
6367162916217 
63666290!6216 


61616079   22 
61616079   23 
6160'6076   24 
61606078 
61496077 
6149607 
6148607 
6148i607 


6147  5076 
61465074 
61465074 
6145  5073 
51455073 
6144  5072 
6144  5072 
61436071 


6366|6290;6216'5143|6071 
6442i6366  6289i62l6  6142  5070 


6600,6520 
6599  6619 
6599'6619 
55985518 
5698  6518 
5597  5617 
5597:5517 
5596  5616 


6442 
6441 
6141 
6440 
5440 


6366  62895216 
6364J5288  6214 
5364  6288|5214 
5363'5287.5213 
6363:6287i6213 


5543  6465  6388 
5542'64646387 


55'  56'r5r 


5316 
5316 
6315 
6315 
5314 
6314 
5313 
5312 
5312 
5311 

58' 


524251695097 
6242  5169;6097 
52416108!6096 
52416168,6096 
5240  5167|5096 
5240  6167;5096 
5239  6166  5094 
5238  5165  5093 
5238  6165'5093 


5237  5164 


59' I  60' 


o092 


'5675 
•5675 
•5674 
'6673 
•6G73 
•6'')72 
•667.? 
•6671 
•5071 
•5670 


5439  6362  6286 
5439i5362  5286 
5438l536l|6286 
5506  5515i6437,6360;5284 
5595  5515  5437.6360  5284 


6212613 


5594 
5594 
5503 
5592 
5592 
5591 


5514 
5514 
5513 
5512 
5512 
5511 


5436  6359 


61'  I   53' 


5436  5359 
54365358 
5434  6357 
5»34'5357 
5133  5356 
559 1  55  n  154  33  5356  52»0 
5510  5510  5432  5355i5279 


5212 
6211 
5210 
6210 


5283 
5283 
5282 
5281 
5281 
5280 


5690 

5589 


54 


5510  5132  5355  6279 
5509,54315354  5278 


6142)6070 
6141  5069 
5141  5069 
61406068 
6l40l6068 


613! 

6138] 

6137 


6067 

16067 

6066 

5066 


51376065 


55'|  56'|  57' I  58'|  59'|  60' 


5209|5 136  5064 
6209  61366064 
5208;5136f6063 
5207,5134 
5207,5134 
5206'6133 
5206  5133  50611 
5205|6132  5( 
520515132  51 
5204:5131 

59' I  60'  ~W{ 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


506 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


39 
41 
C 
45 
44 
43 
47 
4« 

iL 

51 

s: 

53 
54 

c* 

3S 
59 

61 

6:^ 

64 
64 
67 
6i 
69 

:i 

« • 
71 


TABLE  34 
Logarithms  of  the  Apparent  Altitudes  and  Horizontal  Parallax. 
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Apparent  Altitude  67' 


Moon's  Hoiisontel  PluaSaz. 


63  ' 


6670  55S9 


5669 
5669 


5668  55S7 


-5669 
•5667 
*5666 
•5666 
•5665 
•56651 


54' 


5588 
5588 


-5664 
-5664 
•5663 
-5663 
-5662 
•5662 
•5661 
•5661 
-5660 
-5660 


5659 
5659 
5658 
5658 
'5657 
'5656 
'5656 
'5655 


■56555574 


5654 


5584 


5583 


5582 


55M56'|57'i58'  59 


5599  5431 5354  5278  5204 
5508,5430  5353  5277  52U3 
5508  5430  5353  5277  5203 


|5I»87 
5586 
5585 

55865505 
5584  55041 


5507 
5507 
5506 
5505 


5504 


5503 


5583  6503 


56025424  53476271,519715124 


5582  6602  5424  5347  5271,6197:6124 


5581 5601 
5681 6601 


5579 


5679  6499 


56786498 
6578  6498 


6577 
6577 


5675 
5675 
6674 


6673 


6499 


6497 
6497 


5496 
6495 
6494 
5494 
6493 


5429636252765202 
5429635252765202 
5428  5351 5275  6201 
542763606274  5200 
542763505274  5200 
5426534952736199 


60' 


54266349  627^  5199i5l26 


6426634862725198 
6425534862725198 


5131 
5130 
5130 
5129 
5129 
5128 
5127 
5127 


5059 
5058 
5068 
5067 
6057 
5056 
5055 
5065 


5126)5064 
5054 


5125 
5125 


6423  5346  5270  5196^6123 
6423;6346  6270  51966123 
558016500  6422  5346  6269  519515122 
558016600  5422  6346'6269  6195  6122 
542l'6344  6268  6194  6121 
54215344  52686194  6121 


6480  6343  5267  5193  6120 
5420534352676193  6120 
54195342526651926119 
54195342626651926119 


1. 


5676|6496|5418  584 16265  6 19 1^118 

6417  5340!6264  5190.5117  6045 


'5654  567316493 
-5653  66726492 
•5653  6672  5492 
'5652  6571  6491 
'5652  56715491 
•5651)5670  6490 
-56516570  5490 
>5650|6669  6489 
•565066695489 
-5649t5668|6488 


'5649  5668  5488 
'5648  5667  6487 


5648  5567  5487  6409  5332  6266  6182  6109  5037 


5647  55665486 


5647  656664865408 


'5644 


5417  6340  5264  5190,5117  6045 


6416  6339,6263 
54165339,6263 
5415  5338  6262 


5189,6116  6044 


5189 
5188 


6416633852625188 


5414:6337  6261 5187  6114  6042 
6414  6337  6261 5187  6114  5042 
6413  5336,5260  5186  6113  5041 
5413  58365260  5186,5113  5041 
5412  5335  6269  6185^61 12(5040 
5412 
6411 
5411 


61' 


5053 
6063 
6052 
6052 
6051 
5061 
5050 
6060 
6049 
3049 


6048 
5048 
6047 
5047 
5046 


5116  6044 
6116  6043 


6115  6043 


Apparent  Altitude  68' 


Moon's  Horixontal  Parallax. 


53' 


5336|6259  5186  51 12  6040 
6334,6258  5184  51115039 


6334!52586184 


61116039 
5410;6333|5267  5183t5110|6038 


6410633362675183 
54095332  52666182 


6408633162655181 


•5646  5666  5486 
-5646  6666  6486 
-5645  5564  6484 
*5644  5663|5483 


5663  6483  6406 


*5643  5562  6482  ^404  5327  5261 ,5177 
'5643  5562  6482B404  5327  6251 6177 


5642  5661  548115403  5326  52505176  5103'5031 


'5640 

'5639|5668  6478 
'5639  5668  6478 

53'       64'    65 


533l!5265'5181 


6407  53305264  6180 
5407  5330  5264  5180 
6406  5329  5263  6179|6106;5034 


5405  5328:62526178 


-5642  5561  6481 5403  5326 
•5641  5560  5480  6402  6325 
•5641  5660548064025325 
'5640  5659  6479  6401  6324 
5659  6479  6401  5324 


532852525178 


6110S038' 
5109|5037 


51085036 
510K5036 
5107^6036 
6107^5035 


61055033 
6105'5033 


m400 

bImoo 

'I  66' 


5323 
00|6323 

67' 


526051761 

52495175 

52495175 

5248|5I74 

62485174 

5247,5173 

52476173 

68'l  59' 


51045032 
51045032 


51035031 
5102  5030 
51025030 
510T  5029 
5l0f5029 
51006028 
5100,6028 

OO'i  61' 


'5638 
•5638 
-5637 
•5637 
-5636 
•5636 
•5635 
•5635 
-5634 
•5634 

•5633 
•5633 
•6632 
-5632 
•5631 
•5631 


64' 


5557 
6557 
5556 
5556 
5555 
5555 
5554 
5554 
5553 
5553 


5552 
5552 
5551 
5551 
5550 
5550 
•5630  6549 


•6630 
-6629 
-5629 


-5628 
-5628 
•5627 
'5627 


-5626 
•5625 
•5625 
•5624 
•5624 


5649 
6548 

5548 


5547 
5646 
5546 


55' 


5471 
5470 
5470 


5469 
5468 

5168 


55476467 


5467 
5466 
5466 


5626  65^5  5465 


5645 
6644 
5544 
6543 
5543 


•5623 
•5623 
•5622 
•6622 
•5621 
•5621 
•5620 
•6620 
•6619 
•6619 


6542 
5542 
5541 
5541 
5640 
5540 
5539 
5539 
5538 
5538 


•5618 
•6618 
•6617 
•5617 
•5616!5536 


56' 


5399 
5399 
5398 
3398 
5397 
5397 
5396 
5396 


57' 


532*2 
5322 


58' 


524  C 

5240 


53215245 
53215245 
5320;5244 
53205241 
53195243 
53195243 


5395:5318  5^2 


5395 


5394 
5394 
5471  5S93 


5393 
5392 


5318  6242 


631 7 '6241 
5317  5241 
5316  5240 
5316  5240 
5315  5239 


53925315  6239 


5469  63915314  6238 


5391;5314  5238 
5390,6313  5237 
53905313  5237 


5389;5312  5236 
5389,53125236 
5388.53115235 
5388,53115235 
538763105234 
5465  5387,53105234 
5464  5386  5309  5233 
5464  538653095233 
5463  5385,5308  5232 
5463538553085232 


54625384  6307 
5462  5384  5307 
53835306 


5231 
5231 


5383  5306  6230 


5461 

5461 

6460 

5460|53825305;5229 

5459,5381  53045228 

5459j5381  6304  5228 

5458  5380530315227 


5537 
5537 
5536 
5536 


•5616 
•5615 
•5615 
•5614 
•5614 


59'  60':  61' 


5172  5099  5027 
5172  5099  5027 
51715098  5026 
61715098  5026  3 
51705007  5025 
5170  5097  5025 
5  lC9  5096  5024 
5169^0965024 
5168  5095  5023 
5168  5095  50^3 


or 


5167.5094  5022 
5167  5094  5022 
516650935021 
5166  50935021 
51655092,5020 
5165  50925020 
5164  5091:6019 
5164  509l|5019 
5163  50905018 
5163  50905018 


51625089:5017 


5162  5089 
51615088 
51615088 
5160  6087 
51605087 
5159  5086 
51 59*5086 
5158'5085 
5158  5086 


5017 
5016 
5016 
5015 
5016 
5014 


5157  5084 


5157 


52305156 


5084 
5083 


51565083 


5011 
5011 


5382  5305  5229  5155|5082 
51556082 
5154|5081 
5154  5081 


501(  34 


5458 


5457 
5457 


53805303 


:!: 


53796302 
6379,6302 
5456  5378|5301 
54565378 
6455*5377 
6535|5456|5377 
553^|64545S76 
5634,6454'53765299 

5533  6453*5375 
55335453  6375 


5227 


5153 
5153 


5226  5152 


5226 
5225 
5225 
5224 
5224 
5223 
5223 
6298  5222 


5301 
5300 
6300 
5299 


•5613 
•5613 
-6612 
•5612 
•6611 
•6611 
•6610 
•5610 
•5609 
•6609 

1   53' 


:i   

5532'5452!5374 


5532  5452 
5531i5451 
5531  6451 


6898 


5374 
5373 
5373 


5530  61506372  529515219 


5530  54505372 


5629  5449 
5529  5449 
55286448 
5528  644B 

I  54'  [W 


5297 
6897 


5222 


5221 
5221 


5080 
5080 


5010 
5009 
5009 
5008 
5008 


5152 
5151 
6151 
5150 
5150 
5149 
5149 
5148 
5148 


5079 
5079 
5078 
5078 
5077 
5077 


5076 


62965220 


529652205146  5073 


5371 
5371 


5294 
6294 


52955219 


5370|569.'^5217 
58' 


537015293 
56' 


57' 


5147 
5147 
5146 


5218 
5218 


5074 
5074 
5073 


20 
21 
22 
23 
24 
26 
26 


5014  27 
5013  28 
5013  29 


5012  30 
5012  31 


32 
33 


5007 
5007 
5006 
5006 
5005 
5005 


50765004 
50765004 
50765083 


5003 


5001 
5001 


51455072 
61455072 
5144  5071 


5144,50714991)  &7 
5143,50704994  b8 
5143  5070 

59' 1 


35 
36 
37 
38 
39 


40 
4i 
42 
43 
44 
46 
46 
47 
48 
49 


5002  50 
5002  51 


52 
53 


5000  S4 
5000  55 
4999  16 


4998  59 


25 
27 
28 
29 
30 
32 
33 
34 
36 
37 


38 
39 
41 
42 
43 
44 
46 
47 
48 
49 


51 
52 
63 
64 
66 
67 
68 
59 
61 
62 

\W 
64 
66 
67 
68 
69 
71 
72 
73 
74 


I 


FF 


218 


TABLE  84 
Logarithms  of  the  Apparent  Altitudes  and  Horizontal  Parallax. 


Apparent  Altitude  69' 


Moon's  Horizontal  Parallax. 


53' 


"51 

1 

2 
3 
4 
5 

6 
7 

8 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


I 


5608 
5608 
5608 
5607 
5607 
5606 
5606 
5605 
5605 
5604 


5604 
5603 
5603 
5602 
5602 
5601 
5601 
5600 
5600 
5599 


5599 
5598 
5596 
5597 
6597 
5596 
5596 


54^ 

552/ 
5527 
5527 
552G 
5526 
5525 
5525 
5524 
5524 
5523 


5523 
5522 


5522  5442 


5521 
5521 
5520 
5520 
5519 
5519 
5518 


5441 
5441 
5440 
5440 
5439 
5439 
5438 


15518 
5517 
5517 
5516 
5516 
5515 
5515 


5596,5515 
55955514 
55955514 


5594,5513 
55945513 
5593  5512 


5593 
5592 
5592 
5591 
5591 
5590 
5590 


5589 
5589 
5588 
5588 
5588 
5587 
5587 
5586 
5586 
5585 


5585 
5584 
5584 
5583 
5583 
5582 
5582 
5582 
5581 
5581 


5512 
5511 
5511 
5510 
5510 
5509 
5509 


5508 
5508 
5507 
5507 
5507 
5506 
5506 
5505 
5505 
5504 


63' 


5504 

5503 
5503 
5502 
5502 
5501 
5501 
5501 
5500 


54' 


55' 


'>447 
5447 
5447 
5446 
5446 
5445 
5445 
5444 
5444 
5443 


5443 
5442 


5438 
5437 
5437 
5436 
5436 
5435 
5435 
5435 
5434 
5434 


56' 


5369 
5369 
5369 
5368 
5368 
5367 
5367 
5366 
5366 
5365 


5365 
5364 
5364 
5363 
5363 
5362 


5361 
5360 


5r 

5292 
5292 
5292 
5291 
5291 
5290 
5290 
5289 
5289 
5288 


68'  69' 


5288 
5287 
5287 
5286 
6286 
5285 


5362  5285 
5361  5284 


52165142 
52165142 
52165142 
52155141 
52155141 
5214  5140 
5214,5140 
52135139 
52135139 


5212 


5212 
5211 
5211 
5210 
5210 
5209 
5209 
5208 
5208 


5138 


5284 
5283;5207 


5360j5283;5207 
5359  5282  5206 
5359,5282!5206 


5433 
5433 
5432 


535852815205 
5358'5281  5205 
5357:52805204 
5357|5280  5204 
535752805204 
5356!5279  5203 
5356  5279  5203 


5355'5278:5202 
5355,5278  5202 
5354.5277,5201 


5432  5354  5277  5201 
54315353,527615200 
5431  5353  5276;5200 
5430  5352'5275,5199 
54305352,5275'5199 
5429,5351,5274'5198 


5429,5351.5274 


5428  5350  5273 
5428  5350*5273 


5198 


5427 


5349.5272 


5197 
5197 
5196 
5196 
5196 
5195 


5138 
5137 
5137 
5136 
5136 
5135 
5135 
5134 
5134 
5133 


60' 


5069 
5069 
5069 
5068 
5068 
5067 
5067 
5066 
5066 
5066 


61' 


4997 
4997 
4997 
4996 
4996 
4995 
4995 
4994 
4994 
4993 


5065'4993 
506414992 
5064  4992 


6063 
5063 
5062 
5062 
5061 
5061 
5060 


5133 
5132' 
5132; 
5131, 
5131 
5130 
5130 
5130 
5129 
5129 


5060 
5059 
5059 
5058 
5058 
5057 
5057 
5057 


5056 


5128 
5128 
5127 
5127 
5126 
5126 
5125 
5125 
5124 
5124 


;5055 
;5055 
,5054 
,5054 
5053 
,5053 
,5052 
5052 
,5051 
5051 


4991 
4991 
4990 
4990 
4969 
4989 
4988 


4988 
4987 
4987 
4986 
4986 
4985 
4986 
4986 


50664984 


4984 


4983 
4983 
4982 
4982 
4981 
4981 
4980 
4980 
4979 
4979 


5123 
5123 
5122 
5122 
5122 
5121 


5427  5349,5272 
5427  5349,5272 
5426  5348,5271 
5426i5348,527l5l95j5121 
5425|5347  5270  5194  5120 
5425  5347!5270  5194  5120 
5424  5346  5269i5193  5119 


,5050!4978 

;5050;4978 

5049 

'5049 

5049 

5048 


4977 
4977 
4977 
4976 


5424153465269  5193 
5423  534515268  5192 


5119 
5118 


50484976 
50474976 
50474975 
50464974 


5423  5345  5268,5192  5118 
54225344!5267i519l!5117 


54225344  52G7  5191  5117 
5421,5343:5266'5190  5116 


54215343,5266,51905116 
54215343,526651905116 


542053425265 
550015420.5342!5265 


55q  56'j  67' 


5189  5115 
5189,5115 

58')  69' 


5046,4974 
5045,4973 
5045  4973 
5044  4972 
5044*4972 
50434971 
50434971 
50434971 
5042,4970 
5042.4970 

60'  61' 


Apparent  Altitade   70'' 


i'J>. 


Mooq's  Horizaiftal  ParaOaz. 


63' 


6580 
6580 
6579 
5579 
6578 
6578 
5677 
6577 
6576 
5576 


6576 
6575 
6576 
6574 
6574 
6573 


54' 


5199 
5499 
5498 
5498 
5497 
5497 
5496 
5496 
5495 
5495 


5419  5341  6264  6188511415041; 
5418  5340  5263  5187.51 13  6040'496i 
5418  5340  5263  5187  5113  604^4961 


5417 
5416 
5416 
5415 


5495 
5494 
5494 
5493 
5493 
5492 


5573I5492 
6572'5491 


5572 
5571 


5491 
5490 


56^ 
5419 


5341 6264 


5415 


66' 


5417  5339 


5339 
5338 
5338 
5337 


64]^  5337 


5337 


5414  533(» 
54145336 
54135335 
5413 


5412 
5412 
5411 
5411 
5410 


6335 

5334  5257  5iei'5107l5034Ul 
5334525;  5181^107|5034  496l^ 
5333  6256  6180  5106,503349611 
5333  6256  5180:5106  6033|4961 
5332  5255  6179  5106  603X|4! 


657154905410 
6671  5490  5410 
667054896409 
657054895409 
666051885408 
666954885408 
56685487  5407 


5668 
5567 
6667 


5487 
5486 


5567 
5566 
6566 
6566 
5565 
6664 
6664 
5563 
6563 
6663 


5486,6406  5328 
5485  5405,5327 


5662 
5662 
6561 
6561 
6560 
6560 
6559 
6559 
6559 
6658 


5407 
5406 
54866406 


5332 
5332 
5331 
5331 
5330 
5330 
5329 
5329 
5328 
5328 


54856405 
5484  5404 
5484  5404 
54835403 
5483  5403 
54825402 
5482  5402 
64825402 


6558 
6557 
6557 
5556 
6556 
5565 
6655 


5481,5401 
5481j5401 
54805400 
54805400 
54795399 
54795399 
54785398 
54786398 
54785398 
5477  5397 


5477 


5397 


6555,6474 
6554  5473 


5476 
5476 
5475 
6475 
5474 

5474;5394 
5394 


5396 
5396 

6396,5317 
5395  5317 


5262  5|86>n2  5039  4967 
5262  5186  5n2;6039  4969 
52615185511160384 
52615185  611115038  4 
52605184^1105037 
5260  5 184  j51 10*5037  4 

52605184^110,5037(4 
5269  5183^109  6036  c 
6269  5183^109^036^! 
6268  5182  6108  5035'49l 
5258  5182|5108  5036 


5327 
5326 
5326 
5325 


5324 


5324 


5323 
5323 
5322 
5322 
5321 
5321 
5320 


5319 
5318 


67' 


5263 


5325  6248 


5247 


6324  6247 


6247 


58' 


69'  60*  61 


5188.6114J6041 49691 


6255  5179.6105 


6265  61 79,5105  6032  4960 
5254  6178  5104  5031 49« 
6254 


61785104 
5178,5104 


60324 


6031  4958 

5177i5103  6030  4958 

50304950 


5263  6177'5103 
6252  5 1 76'5102|6O29|4957 
5262  5176,5102  6029  49S7 
60284956 
6028  495( 


52616175|5101 
5261  5175  5101 


6261  6175  5101 6028|495i 
6260  5174|6100'5027  4955 
6250  6174  5100  5027  4955 
5243  5173  5099  5026  4954 
6249  51 73{5099  5026  4054 
6248  5172|5098  5025  4953 


51725098 
61715097 
61715097 


51715097 


6024  4952 
5024  495S 
5024  495d 


6246,6170  5096.502314951 
6246  5170  5096  5023  4951 


5168 
6168 


53205243 
5320  6243 


5245  5169  6095  5022  4950 

5245,516915095  5022  4950 

5094  5021 4949 

5094  5021  4949 

51675093  502014948 

50935  _ 

5093  5O20|494i 
5092  501914947 


6244 

5244 

5243 

6167 
6167 
6319|52425166 


5242 
5241 


5318  6241 


6166 


5394 


5554 


53' 


5473 


54' 


5393 
5393 


66' 


5316 
5316 
5316 


5315 


56' 


5092  5019|494; 
6165  5091  5018  4944 
6166|  5091  50184941 
5240  5164T5090  5017  4945 
5240  6I64I509O  501 7  4945 
52396163b08950l64 
5239616Sk089teoi6  4 
523951631508950164 


53165238,51625088 


523851626068 


57'    68' 


69* 


5016  4 
601549, 

eo'fSi 


TABLE   34 
Logarithms  of  the  Apparent  Altitude 


n» 


Apparent  Altitude  71 


Moon's  Horisontil  Furallaz. 


53'       54' 


0-5553 


5553  5472539216314 


5472  5392 


5471 


539153136236 


5471  5391 


'5552 

'5552 

-5552l5471|5391|5313 

•5551(547053906312 

•5551547053906312 

•5550  546963896311 


5550  5469  6389  531 


'5549 


5549  5468  5388  6310 


5549  5468  5388  5310  5233 


5548 
•5548 
'5547 
>5547 


5466  6386  6308 
54666386  6308 
5546  5466  5386  6307 
5546  546663866307 
5546546653866307 


'55455464 


55' 


5467  6387  6309 


54675387 


56' 


6314 
6314 
6313 
6313 


5468  538853106233 


5309 


67' 


6237 
6237 


6236 
6236 
6235 
6236 
6234 


58 'I  59' 


l!5087 


60' 


5U866013 
50866013 


1152345168 
5157 


5233 


5231 


5157 
5157 


52325156 
52325156 


5155 


5086 
5085 


50866012 


5084 
5084 
5083 


5384  5306 


-5545 
*5544 
•5544 
•5543 
•5543^546215382 


5543i5462  5382  6304  5227 


'5542  5461  5381 
•554254616381 
•554154606380 
•55411546015380 


5153 
5152 


5464^5384  5306  5229 
54635383  63065228 
5463  5383  5305  522815152 
546215382  6304  5227  5151 
630415227  5161 
5161 


52315155 
5230|5154 
52305154 
523016154 


5229 


5163 


5083 
6083 
6082 
6082 
6081 
5081 


6014 


516l!5087  5014 

5161 

5160 

5160 

5160 

5159 

5159 

5158 


6013 
6012 


601] 
5011 
5010 


50806007 


5080 


6079 


'5540  5459  5379 


'5540|5459 
'55405459 


•5539 
'5539 
'5538 
•5538 


5468 
5468 
5457 
5467 


•5537  6466 


•5537 


5466 


•5536 
-5536 


5379 
6379 
5378 
5378 
5377 
6377 
5376 
5376 


•553754665376 


5455 
6456 


5376 


-5535,6454 
•55365464 
•5536,6454 
•55345163 
•5534|6453 


•55335452,6372 
-5533  6462  6372 


63766297 


6374 
6374 
6374 
5373 
6373 


5532^61 


49     ♦5532a4 


5532,5451 
•5532,6461 
•553l|6460 


-5531,64506370 


•5530,6449 
•5530.64496369 
•553054496369 
•6529,5448  6368 
•65296448  5368 
'6528  544716367 


6371 


6371 
5371 
6370 


\    53*  \bV\  55'  56' I  57' 


6301 
6300 
6300 
6299 
6299 
6298 
5298 
6298 


6303  5226  5160 
6303  5226  5150 
6302  522615149 
6302  5226 


6301  5224 
5301  5224 


5224 
6223 
5223 
5222 
5222 
5221 
5221 
5221 


6297 


6296 


5079 
6078 
6078 
6077 
5077 
5077 
6076 
5076 
5075 


5010 
5010 
6009 
5009 
6008 
5008 


61' 


4942 
4942 
4941 
4941 
4941 
4940 
4940 
4939 
4939 
4938 


Apparent  Altitude  J 2* 


Moon's  Horisontal  Psrallax. 


53'      64'    55' 


0-6528  544  7  5367 
-5528  54476367 
•5527  64465366 

.  •5527  54465366 
•552654455365 
552654455365 


6007 


50806007 


5006 


6006 
6005 
5005 
5004 
6004 
6004 
5003 
5003 
5002 


4938 
4938 
4937 
4937 
4936 
4936 
4936 
4935 
4935 
4934 


•5525  5444 
•5525  6444 
•5525!5444 
•5524  5443 


514950755002 


5148 
5148 


5220 
5220 
5219 


62965219 
52965219 
52966218 
5295  5218 
6294  521 7 
62945217 
52935216 


51486074 


5147 
5147 
5146 
5146 
5146 
5145 
5145 


6074 
5074 


5073 
5073 
6072 


5293,5216 
6293*52 16 
52925215 
62§2  5215 


5144 
5144 
5143 
5143 
5143 
5142 
5142 
5141 
5141 
5140 


5369  6291 


6291 
6291 


5214 
5214 
5214 


62905213 
5290  5213 
5289  5212 


5140 
5140 
5139 
5139 
5138 
5138 
5138 
5137 
5137 
5136 


58' 


5072 
5071 
5071 


5001 
5001 
5001 
6000 
5000 
4999 


4934 
4933 
4933 
4932 
4932 
4932 
4931 
4931 
4930 
4930 


•5524 
•5523 
•5523 
•5523 
•5522 
•5522 
•6521 
•6621 
•6621 
-5620 


•6520 
•6519 
-5519 
•6519 
^5518 
•6518 
•5517 
•6617 
•6617 
•6616 


5443 
5442 
5442 
5442 
6441 
5441 
5440 
5440 
5440 
5439 


5364 
5364 
6364 
5363 


56'  57' 


5363 
5362 
5362 
5362 
5361 
6361 
5360 
5360 
5360 
5359 


5439 
5438 
5438 
6438 
6437 
6437 
6436 
6436 
6436 
5435 


5289 
5289 
5288 
5288 
5287 
5287 
5286 
5286 
5286 
5285 


60724999 


4998 
4998 
4998 


6070;4997 
60704997 
60694996 


4996 
4996 
4995 


6069 

6069 

6068^ 

50684996 

506714994 

6067.4994 

50664993 

5066  4993 
5066  4993 
60664992 
50654992 


4929 
4929 
4929 
4928 
4928 
4927 
4927 
4926 
4926 
4926 


•6616 
•6615 
•5616 
•6615 
•6614 
•6614 
•6513 
•6613 
•5513 
•6512 


6435 
6434 
6434 
5434 
6433 
5433 
5432 
6432 
6432 
5431 


5064 
5064 
6064 
5063 
5063 
5062 


59' 


4991 
4991 
4991 
4990 
4990 
4989 

60' 


4926 
4926 
4924 
4924 
4924 
4923 
4923 
4922 
4922 
4921 

4921 
4921 
4920 
4920 
4919 
4919 
4919 
4918 
4918 
4917 


or 


•5512 
•5511 
•6511 
•5611 
•5610 
•6610 
•6609 
•5609 
•6509 
•5608 

•6608 
•6608 
•6607 
•6607 
•6606 
-6606 
•6606 
-6605 
-6605 
'6604 


5369 
6368 
6368 
5368 
6367 
5357 
5366 
6366 
5356 
6355 


5285 
5284 
5284 
5284 
5283 
5283 
5282 
5282 
5282 
5281 


5212 
5212 
5211 
5211 
5210 
5210 
5209 
5209 
5209 
5208 


58' 


5136 
5136 
5135 
5135 
5134 
5134 
5133 
5133 
5133 
5132 


53' 


5431 
5430 
5430 
5430 
5429 
5429 
5428 
5428 
5428 
5427 

6427 
6427 
6426 
6426 
5425 
5425 
5425 
5424 
5424 
5423 

54' 


5365 
5354 
5364 
5354 
6353 
5353 
6362 
6362 
5352 
5361 


5281 
5280 
5280 
5280 
5279 
5279 
5278 
5278 
5278 
5277 


5208 
5207 
5207 
5207 
5206 
5206 
5205 
5205 
5205 
5204 


59' 


5132 
5131 


5131 
5130 
5130 


6062 
6062 
6061 
6061 
6060 
6060 
6059 
6059 
5059 
6058 


60' 


6058 
5067 


5131  5067 


6067 
6056 
6056 


4989 
4989 
4988 
4988 
4987 
4987 
4986 
4986 
4986 
4985 


61' 


51296065 
51295065 
51295055 


5361 
5360 
5360 
5360 
5349 
5349 
5348 
5348 
5348 
5347 


5273 
5272 
5272 
5272 
5271 
5271 
5270 
5270 
5270 
5269 


5347 
5347 
6346 


b^4b 
5346 
6345 
6344 
5344 
5343 


55' 


5277 
5276 
5276 
5276 
5275 
5275 
5274 
5274 
5274 
5273 


5204 
5203 
5203 
5203 
5202 
5202 
5201 
5201 
5201 
5200 


5269 
5269 
5268 


53465268 


5267 
5267 
5267 
5266 
5266 
5265 

56' 


5200 
5199 
5199 
5199 
5198 
5198 
5197 
5197 
5197 
5196 


5128 


5128 
5127 
5127 
5127 
5126 
5126 
5125 
5125 
5125 
5124 


5196 
5196 
5195 
5195 
5194 
5194 
5193 
5193 
5193 
5192 


5192 
5192 
5191 
5191 
5190 
5190 
5190 
5189 
5189 
5188 


5124 
5123 
5123 
5123 
5122 
5122 
5121 
5121 
5121 
5120 


5054 

6064 
6063 
6053 
5053 
5062 
5062 
6051 
6061 
6061 
5060 


4985 
4984 
4984 
4984 
4983 
4983 
4982 
4982 
4982 
4981 


4917 
4917 
4916 
4916 
4916 
4915 
4914 
4914 
4914 
49131 


or 


4913 
4912 
4912 
4912 
4911 
4911 
4910 
4910 
4910 
4909 


4981 
4980 


0 
1 
2 
3 
4 
6 
6 
7 
8 
9 


49091 
4908 


5050 
6049 
6049 
6049 
6048 
6048 
5047 
6047 
6047 


4977 
4976 


604649734901 


5120 
5119 
5119 
5119 
5118 
5118 
5117 
6117 
5117 
5116 


5046 
5046 


49804908 
49804908 
49794907 
49794907 
49784906 
4978  4906J 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


4978 
4977 


4906 
4905 


4905 
4904 


49764904 
49764904 
49754903 


4976 
4974 
4974 
4974 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


4903 
490^ 


4902  37 


4902 


4973,4901 
497249001 


504549724900 
5046  4972,4900 
504449714899 
504449714899 
5043|4970,4898 
5043:4970,4898 
5043  4970  4898 
5042  4969  4897 


5116  5042,4969  4897  50 
5116  5042  4969  4897  51 
5115  504ll4968  4896  62 
61 15|504 14968  4896  63 
4967  48961  54 
55 


5114 
6114 
6114 
5113 
5113 
112 


|5188  5112 
I  57'  1  58' 


5040 
5040 
5040 
5039 
5039 
5038 


;4967  4896 
,4967  4895 
49664895 
|4966  4894 


59' 


49654894 
60' I  61 


30 
31 
32 
33 
34 
35 
36 


38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


56 
57 
58 
59 


I 


P.P. 

to 

•'of 

Pfcr. 


-0 
1 
8 
4 

5 
6 
8 
9 
10 
11 


13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37 
38 
39 
41 
42 
43 
44 
45 
47 
48 
49 


51 
52 
53 
54 

56 
57 
58 
59 
61 

63 
64 
66 
67 
68 
69 
71 
72 
73 
74 


m 


TABLE  34 
LogantbmB  of  the  Apparent  Akitadi 


221 


Apparent  Akitade  7^' 


Mood'i  Horiionttl  Fnallaz. 


53' 


6161 
6460 


52995221 
5221 
5220 


5379 
&460|6379,«..<. 
6460  537915299 
6t59  5378|5298 
54&9  5378|5298|5220 
5459  5378!5298  5220 
&377!5297|5219 
5377;5297 
5377529715219 


6458 
5458 
5458 


54' 


56' 


53805300 
5299 


5218 


5457  5376529615218 
5457  5376  5296 
5457  5376  5296 
54565375  5295 
54565375'5295 


52175140 

5217,5140 
545615375  529552175140 
545553745294  52165139 
M  5515374  5294|5216'5139|5063|4989 


4916 
545516374  5294|5216'5139|5063|4989  4916 
545415373.5293  5215*5138  5062  4968*4915 


5454 
5454 
5453 
5453 
5453 
5452 
5452 
5452 
5451 
5151 


5451 
5450 
5450 


5449 
5449 
5449 
5448 
5446 


53735293 


62155138 
5215'5138 
5214|5137 
5214  5137 
521415137 
52135136 
52135136 
5213*5136 
5212*5135 
5370|5290  5212  5136 


53735293 
53725292 
53725292 
53725292 
5371 5291 
5371  5291 
5371 5291 
53705290 


5370  5290 
53695289 
53695289 


54505369  5289 


5368 
5368 
5368 
5367 
5367 


5448  5367 


5447 
5447 
5447 
5446 
5446 
5446 
5445 


5288 
5288 
5288 
5267 
5287 
5287 


5366  5286 

5366,52865208 

536615286  5208 

536552855207 

536552855207 

5365'5285 

5364  5284 


5445,5364*5284 
5445  5364  5284 


5444 


5363  5283 


5444  5363 


5283 
5283 


5444  5363 
5143  5362  5282 
5443  536215262 
5443*5362)5282 
5443  5362  5282 
544253615281 
5142  5361 15261 
5442  5361  5281 
54415360  5280 

"SSn  54'  55' 


56' 


5222 
5221 


57' 


58' 


514550694996 

5144'5068 

514415068 

5144^5060 

5143 


5143 
5143 


5142 
5142 


5067  4993 


5067 
5067 


514250664992 


5066 
5066 


5141 
5141 


521851415065 


506549914918 


5065 


52125135 
521l'5134 
52115134 
521i;61S4 
52105133 
52105133 
52105133 
52095132 
52095132 
52095132 

5208:5131 


5131 
5131 
5130 
5130 


52075130 
5206  5129 
520615129 
5206  5129 
52055128 


52055128 
5205!5128 
5204'5]27 
5204|6127 
5204  6127 
5204'5127 
5203  5126 


5203 
5203 
5202 


56' 


5126 
5126 
5125 


57' 


5064 
5064 
5064 


49904917 

49904917 

506349694916 


5062)4968,4915  4843 
5062  4988  4915  4843 
506149874914  4842 
506149674914  4842 
5061  4987  4914  4642 
5060  4966  4913>4841 
5060496649134841 
5060496649184841 
5069496549124840 
5059496549124840 


5059 
5058 
5058 
5058 
5057 
5057 
5057 
5056 
5056 
5056 

5055 
5055 
5055 
5054 
5054 
5054 
5053 
5053 
5053 
5052 


5052 
5052 
5051 
5051 
5051 
5051 
5050 
5050 
5050 
5049 
58' 


59* 


4994 
4994 
4994 


4993 
4993 


4992 


4991 
4991 
4990 


60' 


4922 
4921 
4921 
4921 


4850 
4849 
4849 
4649 


49204846 


4920 
4920 
4919 


4992  49194847 


4919 


4918 
4918 
4917 


61' 


4846 
4848 
4847 


4847 


4846 
4846 
4846 
4845 
4845 
4845 
4844 
4844 
4844 
4843 


Apparent  Altitude  76* 


Moon's  Horisontal  Fuvllax. 


53'      54 


0*5441 
•5441 
•5440 


5360 
5360 


5280 
5280 
5359  5279 


544053595279 


'5440 
•5439 
•5439 
-5439 
•5438 
•5438 


5359 
5358 
5358 
5358 
5357 
5357 


•5438 


•543815357 

•5437 

•5437 


49654912 


4984  49114839 
4964  49114839 
4964  49114839 
4963491048S8 
4983  4910  4838 
496349104838 
4962  490914837 
4962  4909I4837 
496249094837 


4840 


49814908  4836 
4981  4908  4836 
4961  4908  4836 
4980  4907  4836 
4960  4907  4835 
49604907  4836 
4979  4906  4834 
4979  4906'4834 
4979  4906!4834 
497849054833 

4978  4905 

4976  4905 

4977  4904 
4977  4904 
4977,4904 
1977,4904 
49764903 
1976  4903 
1976  4903 
4975490? 

59' I  60' 


53565276  5 
535652765 
•5437  5356*5276  5 
•5436535552755 
•5436535552755 
•5436  5355  5275  5 
•5435535452745 
•5436  5354  5274  5 


5435  6354-5274 


-5433 
•5433 
•5433 
•5432 
-5432 


•5431 
•5431 
•5431 
•5430 
•5430 
•5430 
•5430 
'5429 
•5429 


•5429 
•5428 
•5428 
•5428 
•5427 
•5427 


5357 


55' 


56'|  57' 

5202  5125 
5202  5125 


5279 
5278 
5278 
5278 
5277 
5277 


5201 
5201 
5201 
5200 
5200 
6200 
99 
99 


5277 
5277 


5353527315 

5353  5273 

5353  5273|5 

5 

5 


-5434 
-5434 
*5434 
-5434153535273 


53525272 
53525272|5 
6352  5272  5 
535152715 
535152715 


5432  5351 5271  5 


6350  5270  5 
535052705 
535052705 
5349  5269  5 
534952695 
534952695 
534952695 
53485268  5 
534852685 


5427 
5426 
5426 


•5425:5344 
•5425,5344 
•54255344 


5348  5268  5 
5347  5267  5 
5347,52675 
5347,5267 
5346  526615 
53465266 


•5427  5346  5266  5 


534652665 


•54245343 
•54245343 
•54245343 
•5423'514? 
•5423  534? 

54' 


5265 


5345,5265 
5345 

5845 
5344 


5265 

3264 

5264 

5264 

5264  5 

52635 


5263 
5263 
5262  5 
52625 


55' 


5124 
5124 
5124 
5123 
5123 
5123 
5122 
5122 


5122 


4972 


97 
97 
96 
96 


96 


5046 

5122  504614972 

50454971 

50454971 


99 
99 

98  5121 
98  5121 
98  5121 
97  5120 
5120 
5120 
5119 
5119 


58'    59'    60' 


50494975 
50484975 
5048.4974 
5048,4974 
5048,4974 


4902 
4902 
4901 
4901 
4901 


504749734900 


5047 
5047 
5046 
5046 


4973  4900 
4973  4900 


4972 


49724899 


4899 


4899 
4899 
4898 
4898 
4898 


50454971, 

50444970|4897 

504449704897 

50444970,4897 

504349694896 


61' 


4830 
4830 
4829 
4829 
4829 
4»28 
4828 
4828 
4827 
4827 


50434969 


5119  5043,4969 


965118  5042  4968 


4896 


4827 
4827 
4826 
4826 
4826 
4825 
4826 
4825 
4824 
4824 


4896 


4824 


48954823 


955118,50424968  48954823  22 
95  51 18,5042  4968  4895  4823  23 


95  5118  50424966 


48964823  24 


94  5117  50414967  48944822  25 
94'5117,504i;4967!4894,4822  26 

4822   27 


94  5117;504i;4967  4894 
93  51165040.49664893 


93  51 16  5040  4966  4893|4821 


4821 


93,5116  5040  496614893,4821    30  38 

92}51155039496548924820   31  39 

625115  5039,496548924820   32  41 

926115503949654892,4820   33  42 

9U5114.5038  4964  4891,4819  34  43 

9151145038496448914819  35  44 

915114!50364664;48914819  36  45 

91,51145038;49644891|4819|  37  47 

38  48 

39  49 


'I 


90,51 13;5037,4963  4890,4818 

48904818 


905113  50374964 


90  51 13.5037,4963  489014818 


69 
89 
89 
88 
88 
88 
88 
87 
87 


87 
86 
86 
86 
86 
85 
85 
85 
84 
84 


56' 


5112,50364962  4889 
5112  5036!4962  4889 


5112 
5111 
5111 
5111 
5111 
5110 
5110 


503649624889 
503549614888 
503514961  4888 
503549614868 
5035  4961  4688 


5110 
5109 
5109 
5109 
5109 
5108 
5108 
5108 
5107 
5107 


57' 


5034;49604687 
4887 


503414960 


50344960 
5033,4959  4886 
5033  4959  4886 
503349594886 
5033,4959  4886 
5032  4958  4885 


48874815 


58'  59' 


50324658  48854813 
5032  4958  4885 
5031  4957 14884 

5031  '4057 


60' 


4817 
4817 
4817 
4817 
4816 
4816 
4816 
4815 
4816 


48H 
4814 
4814 
46141 

4813 


4813 
4612 
4864  481» 


61' 


or 

"o" 
1 

2 
3 

4 
5 
6 
7 
6 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


P.P. 
to 

"of 
Ptr. 

IIo" 

1 

3 

4 

5 

6 

8 

9 
10 
21^ 

13 
14 
15 
17 
18 
19 
20 
22 
23 
24 


20 
21 


28 
29 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37 


51 
52 
53 
54 
66 
57 
58 
59 
61 
62 

63 
64 
66 
67 
68 
69 
71 
72 
73 
74 


TABLK    34 
LoguiUiniB  of  the  Ajqpuent  Ahitodet  md  Horiiontal  Paiallaz. 


Appaient  Ahitude  79'' 


Moon's  Horiaoatal  I^nlks. 


&3' 


0 


5391 
•539(M 


•531 
•531 


54^1   55'j  56 


5310152305152  5075'4999l4925:4852'4780 


5309 


•5390  5309  5229|5151 


62295151 


I  y^^\rj   ' 


5389  5308  &228 


'5389 


5389  5308  5228  5150  5073  4997*4923^48504778 


'5389 
'5388 


5308  S228  5150  5073  4997 


5308  5228  5150  5073  4997  4923i48504778 


.  5388  5307  5227 

.  5388  5307  5227 

-5388  5307  6227 

•5387  5306152261 

•5387 

•5387 

*5387 

•5386  5305(5225 

-5386  5305i5225|5l47 


2295151 
2295151 


53075227 


5386  53055225 


-5386 
•5385 
-5385 
•5385 
-5385 
•5385 
•5384 


5384  53035223 


'5384 


5384  5303  5223 


'5383  5302 


'5383 


5383  5302  5222 


•5383 


'5382  5301 


-5382 

'5382 

'538215301 

'5381 

'5381 


•5381 
-5381 
'5381 


5380  5299 


'5380 


'5380  5299 


•5379 


'5379 
'5379 
'5378 
'5378 
'5378 
'5378 
•5377 
•5377 
•5377 
•5377 


5149|5072499649224849  4777 

5149  5072:49964922  4849^4777 

514950724996492 

51485071  4995.4921|4848|4776 
5306)5226  5148  5071  49954921  4848  4776 
5306  5226  5148  5071  499514921 4848^776 
5306|5226  5148  5071 499514921 4848  4776 

5147  5070'4994  4920  4847  4775 
5070  4994  4920  4847(4775 

514750704994492048474775 


53055225 
53045224 


5304  5224  5146  506^4993J4919  4846  4774 


5301 

5304 

5304  5224|5I46|5069;499 

5303  5223  5145  5068  499 


5303522351455068 


5302  5222 


530252225144.5067 


5300 


5380  5299  6219 


5299 


5379  52985218 


5298 


5218 
5379152985218 


5297 


5297 
6297 


53' 


5296 


5221 
5301  5221 
5301 5221 

5221  5143 
53005220l5l42 
53005220)5142 


57' 


58' 


59't  60'i  61' 


51495072 


5145 


5074149984924  4851  [4779 
5074|4998.4924'4851 4779 
507449984924  485114779 
5074|4998i4924i4851|4779 
4923^85014778 
4923148504778 


5150150734997 


49964922,48494777 


5147  507  V4994!4920  4847  4775 
5146|5069i4993J4919|4846|4774 


5224  5146  5069  49934919  4846  4774 
5224  5146|5069!4993|4919  4846  4774 

491948464774 
J4918  4845  4773 

491848454773 


51455068 


5068 


522251445067 


4992 
499214918 


4992 


4991 
5I44;5067  4991 


5144:5067 


5143^5066 
514315066 
51435066 


4991 
4991 


5066 
5065 
5065 


5219 
5219 
5219 


5300522051425065 
53005220^51435065 
522a51425065 
514l!5064 
514115064 
514ll5064 
61415064 
6140|5063 
5140  5063 
51405063 


52985218 
52985218 


5217 


52975217 


5217 
5217 


52965216 
52965216 


5216 


52965216 
54'  55' 


5139 
8139 
5139 


5140i5063 
51405063 


5062 
5062 
5062 


51395062 
51385061 
51385061 
51385061 


5138 


56' 


5961 


57' 


49904916 
49904916 
49904916 
49904916 
49894915 


4989 


49894915 
49894915 
49894915 


4988 
4988 
4988 


4987 
4987 
4987 


4987 
4987 
4986 
4986 
4986 
4986 
4986 
4985 
4985 
4985 


58' 


4918 


4917 
4917 
4917 
4917 


48454773 
48454773 


c 


48444772 


4915 


4844 
4844 
4844 
4843 
4843 
4843 
4843 
4842 
4842 


4914 
4914 
4914 


49884914 


4913 
4913 
4913 


4913 
4913 
4912 
4912 
4912 
4912 
4911 
4911 
4911 
4911 


59* 


4842 
4842 
4842 
4841 
4841 
4841 
4841 


4772 
4772 
4772 
4771 
4771 
4771 
4771 
4770 
4770 


4770 
4770 
4770 
4769 
4769 
4769 
4769 


48404768 


4840 
4840 


4840 
4840 
4839 
4839 
4839 
4839 
4839 
4838 
4838 
4838 


60' 


4768 
4768 


4768 
4768 
4767 
4767 
4767 
4767 
4766 
4766 
4766 
4766 


61 


Apparent  Altitude  80^ 


'm  HoffixoBlal  PuaBaz. 


53'      51' 


55'    50' 
0 -5376 5295&215  513 


5374  5293^213  5135,5058  4982  4908  4835  4763 


-5375J5294  5214  5136i505'J 
*5375,5293  5213  51355058 


57' 


1-^ 


49834909 


1983  490948364764 
1983  49094336  4764 


I 


4983  4909  4836  4764 
4982  4909  4835  4763 


5293.5213|5l35j6058  4982 

5293521315135 

5293s5213'6136 


•5374 
-5374 
-5374 

-5373|5292!5212|5134 
•5373  5292'5212  5134 
-5373  5292'5212  5134;5057 
•5373  5292'5212  5134|5057 
•5373  5292i5212  5134}5057 
•5372  5291:5211  513315056 


4980 


4906  4833 


15211  5133  5056  4980  4906 1833  4761 


5132  5055  4979  4905  4832 


5372  5291 521 11513315056 

5372  5291 

5372  5291'521  Ii6133l5056|4980|4906|4833 

5371 5290*5210 

5290|5210 

5290,5210 

5290,5210 

529052105132|5055|4979|4905|4832 

52895209.5131 


•5371 
-5371 
•5371 
•5371 

•5370 
•5370 

•5370 
•5370 
•5370 
•5369 
-5369 
•5369 
•5369 
•5368 
-5368 
•5368 


-5368 
•5368 


•5367  5286 
•5367  5286 


•5367 
•5367 


•5367  5286 
•5366  5285 
•5366  5285 
•5366  5285 


•5366 
5366 
-5365 
•5365 
•5365 
-5365 
-5365 
-5364 
•5364 
•53^4 

"63'' 


1982  4908  483514763 
14982  4908  4835  4763 


1981  4J0; 


7  4981 


4907 


49814907 
1981  4907 


4981 


4907 


5132 
5132 


50554979  4905  4832 
5055  4979  4905 
5132  5055  4979  4905  4832 


52895209 
5289|5209 
52885208 


5288 
5288 
5288 
5287 
5287 
5287 


5287 
5287 


5286 
5286 


5285 
5285 
5284 
5284 
5284 
5284 
5284 
5283 
5283 

54' 


5208 
5208 
5208 
5207 
5207 


5207512950524976 


5207 
5207 
5206 
5206 
5206 
5206 
5206 
5205 
5205 
5205 


5131 


4980  4906483314761 


5054 


528952095131  5054K978|4904 
5289,520915131  5054 


5051 


51315051 

5I305053K977 

5130505' 

5130505: 

51305053 

5129  5052 

51295052 


5129 


512815051 


5128 
5128 
5128 
5128 
5127 
5127 
5127 


4978 
4978 
4978 

m 

4977 
4977 
4977 
4976 
4976 


5052  4976 


5129  5052  4976 


5051 


4975 
4975 


5051  4975 


'>060  4i^84 
•5376.5i95|5215|513;.5060  4984 f4910|4 837)47651 

53765295  5215513;l5060  4984 

5376i529^  5215l513;|506(>4984|4910|4837|4765 
•5376^295  5215  513715060  4984|4910|4837[4765 

5375(5294  5214  5136{505H 

5375!5294  5214  5136(5059 

5375J5294  5214  5136(5059 


5051 
5051 
5050 
5050 
5050 


5049|497S 
5049 


5205  5127:5050  4974 

5205|5127{5050|4974 

52045126 

52045126 

5204  51265049)4973 

5204,5126504914973 

5204|512.*> 

520315125 

52035125504') 

5203:51255048 


55^  56' 


57' 


58'|  59' 
i^84!4910 


60^  61' 
910(4837  4765 


4908  4835 


4834  4762 
4834  4762 
4834  4762 
4834  4762 
4834  4762 


4978  4904 


4904 


4904 
4903 
4903 
4903 
4903 
4902 
4902 
4902 


4902 


48364764 


or 


4763 


4761 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


P.P. 

to 

'of 


h- 0 
1 
3 

4 
5 
6 
8 
9 
10 
11 


47 
4831(475 
483l|4759| 


4904  4831 


48314759 
4759 


4831 
4830 


4759 
4758 


4830,4758 
48304758 
4830!4758 
48294757 
4829  4757 
4829  4757 


49024829  4757 


4975 
4975 
4974 
4974 
4974 


4901 
4901 
4901 
4901 
4901 
4900 
4900 
4900 


4900 


4899 


4828 


4829  4757 


4756 


4828|4756 
4828,4756 
48284756 
4828  4756 


4827 
4827 
4827 


4755 
4755 
4755 


4827 


49004827 


4826 


4756 
4756 
4754 
4754 
4754 
4754 
4754 
4972:4898:4825  47531 


19734899,4826 

^8994826 

48994826 

5049|4973|4899|4826 

5048 


197248984825 


4972  4898  4825 

58'  59' I  60' 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


4753 
4753 


61 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


13 
14 
15 
17 
18 
19 


22 
23 
S4 


25 
27 
28 
29 
30 
32 
33 
34 
35 
37^ 

38 
39 
41 
42 
43 
44 
45 
47 
48 
49 


51 
52 
53 
54 
56 
57 
58 
59 
61 
62 


63 
64 
66 
67 
68 
69 
71 
72 
73 
74 


I 

2 
3 

4 
S 

6 
f 

9 
9 


10 

U« 

It 

13 

14 

15 

16 

17 

18 

19 


21 


23 

24 
25 

25 
27 
28 
29 


30 
31 
32 
33 

34 

35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


TABLE  34 
Logarithms  of  the  Apparent  Altitude 


Appaicnt  Altitude  81* 


Apparent  Altitade  82* 


Moon's 


FtfiJlaz. 


V    / 


53' 


54'  1 55'  [56^  I  9i'  I  58^  1 59'  |  60"     61" 

Sk^  5^il5l2S5*M«'|49;2k^4825  4753 
S28:^;5>03;SI255'>lSJ4972j489»4d25l4753 


•536i{528?  5203 

»28:^;5>03;SI255'>ISJ 
*536: 15281  l5iO'i6l2lo04:U971^S93l|4S24{4;52 
•536rl528?;5202f&l24i5<M7  497lK^9;i4824J4752 
•5^S63'528?'5202.5124  504  7497 1 1*397.4824  k;52 
•556?te»2l5202'5I24!o047  49711-4897  4824^752 
-53S.  '-5382i5202»5l24i5O47  4971  -4^9  *»  4824  ;4 752 
•5362(528 1  iS201(5123{5r»4r;  4970*4^96  4823  j4  751 
•S362i528lt5i01}5l23  5O46U970i4896  4823  4751 
^362t628i|520l>5l2.'(  50461497048964823(4751 


53' 


•5362i5i81 520r5123{5046i49704896j4823475l 
•5362  528IIS20lt5123|5046M970i4896»4823k751 
•5361  5280(5200i5122|5O45|4969f4895.4822Ur50 
•5361  5280i5260^ir2  5945U969U89S4822'4750 
•6361  5280f5ia0|5122  5045|4969Ud95  482214750 
•5361  5280i5200i5122i5O45i49€9U89548224750 
•5361  5280!5200»5l22l5»45)4969!4895  4822  4750 
•5860  5279^199(5l21i5044|496»4894  4821  4749 
•5360l5279;5199^121«O44|49684804  4821  4749 
•536<^279}5\^121  j5044^968|4894  ^821  4749 


•5360^279^199:5121 5044K968  4894  4821  4749 
•53603279^199(5121  ;5044[4968^4894  4821  4749 
•5359'5278!5198i5120|5043t4967'4893  4820  4748 
•5359'5278l519»5l205043U967i4803  4820  4748 
•6359«278!519»5I20;5043^4967j4893  4820  4748 
•5359«2785198|5120;5043^496r4893  4820  4748 
•8359  5278;5198i512a504S4967  4893  4820  4748 
5359  5278,51 98{5l20i5043^4967t4893  4820  4748 
5358'5277,5l97.5l  195042|4966.4892|4»194747 

14747 


'5358^277  5197  51 19i5042|4966i4892|4ai9 
J — *^-*'--|5ll96042  4966.4892  4819 


•5358  52775197 
•5358|5277|5197 
•535852775197 


4747 
51 1 9;5042|4966;4892|4819|4747 
51 1915042  496»4892  4819 


•5357  52765l96l5118|5641  4965489l|4818 
•5357^276  5196l511»5041 4965'4891  4818 
•5357  5276  5196  51 18|'5041  4965;4891  4818 
.5357|5276  5196,^51 18  5041  49654801  4818 
.5357|5276^19651185041  4965489114818 


5356)52755195 
.  635615275  5195|511 7 

>5356 
•5356 
•5356 


•5355 
•5355 
•5355 
.5355 
•5355 
_^5354 

•5354 
•5354 
•5354 
•5354 
•5354 
•5353 


527551955117 
527551955117 


52755195 
•5356i5275  5195 


5274  5194 
5274  5194 
52745194 
5274  5194 
5274  5194 
52735193 

5273  5193 
5273  5193 
5273  5193 
5273  5193 
52735183 
5272  5192 


•5353 
•5353 
-5353 


53'i 


•535352725192 


5272  5192 
5272  5192 
5272  5192 


54'  I  55 


511750404964 
50404964 


5040 
5040 
5040 


5117 

511715040 

5H6i5039 

51165039 

51165039 


5116 


5115 


5039 


4964 
4964 
4964 
4964 
4963 
4963 
4963 
4963 


511650396963 


5115 


5115>5038  4962 


51155038 


5115 


5115,5038 


5114 
5114 
5114 
5114 
5114 


56' 


5038 


5038 


5038 


5087 
5037 
5037 
5037 
5037 


4962 


4962 


57' 


4962 
4962 
4962 
4961 
4961 
4961 
4961 


58* 


4890 


4817 


4a90j4817 


4747 
4746 
4746 
4746 
4746 
4746 
4745 
4745 


4890)48174745 
4890,4817  4745 
48904817  4745 
4890:48174745 
48894816 


48894816 


48894816 
48894816  4744 
4889!4816  4744 
48884815  4743 


4888 
4888 


4888  4815 


4888 


4887 
4887 
4887 

4887 


4961  488r4814 


4815 


4815 


4888  «15 


4814 
4814 
4814 
4814 


4744 
4744 
4744 


4815  4743 


5F1  60'|  61 


4743 
4743 
4743 
4743 
4742 
4742 
4742 
4742 
4742 


0-5352 
•5352 
•5352 
•5^52 
•5352 
•5352 
•5351 
•5351 


54' 


5*271 
5271 
5271 
5271 
5271 
5271 
5270 
5270 


55' 


•5351 


•5351 
'5351 
'5350 


5270 


5269  5189 
-5350  5269  5L89 
-5350  5269  5189 


5191 
5191 


56' 


5113 
5113 


519151135036 


5191 
5191 
5191 


51905112 


5190 


5351^270|5190  5112  5035 


51135036 


5113 


5112 


5270  5190  5112  5035  4959 


5111 


57' 


5036 
5036 


58' 


59' 


60' 


61' 

4960|4886|4813(474] 
4960  48864813  47^1 
48864813  4741 


5036 


511350^6 


5035 


5035  4959  ^886 


4812 

4959148854812 


519051125035  4959 


511 1  5034 
5350|5269|5189J51 1 1|5034 


51115034  4958  4884 


5350 5269  5189  5111|5034  4968 4884  48II 4739 


•5350 
•5349 
•5349 


5269^189  511 1^034  k958KB84|481 1 


'I 
5268^188  5110^033 


52685188 


•5349,5268 
•5349.5268 
•5349|5268 


5188 
5188 


5188  51105033  4957)4883  48IO  4738 
•534815267  5187|5109  5032  4956  4882  4809  4737 
*5348  5267  518775109  5032  4956  4882  4809  4737 
5348i5267|5]87!5109|5032|4956K882|4809|4737 
•53485267 


5187j5109 
-5348-5267  5187:5109 


•5348,5267 
-5347'5266 


5187,5109 
5187  5108 


'53475266 
•534  7*5266 
•5347|5266 
•5347,5266 
•5347  5266 


5186 
5186 
5186 
5186 
5186 


'534652655186 


*5346,5265 
•5346t5265 
•53465265 
•53465265 


•5345!5264 


•5345|5264  5184 


•53455264 


•5345 
•5345 


5264 
5264 


53455264  5184 


•5344 
•5344 


-5344 
*5344 
*5344 
*5344 
-5343 
*5343 
•5343 
•5343 
•5343 
•5343 


53' 


5263 


5263 
5263 
5263 
5263 
5262 
5262 
5262 
5262 
5262 
5262 


64' 


5034 


5270  5190  5112  5035  4959  ^^SS  4812  474<  11 


4958 


4960 
41M»0  4886 
496014886 
4960 
4959 


4813  4741 
48134741 


4886  4813 
43854812] 


4885  4812 


48854812  474 


4884 


5110 


5Tl95033|4957  4883 
51105033  4957)4883 


5185 
5185 
5185 
5185 


5108 


51085031 


5108  5031  4955  4881 4808  47^6 


51085031 


5108 
5107 
5107 


5107 


5346  5265  5185 
5346526551855107 


5184 


5184 
5184 
5184 


5183 


5263  5183 


5183 
5183 
5183 
5183 


5182 
5182 
5182 
5182 
5182 


5107 
5107 


5106 


5106 


5106 
5105 
5105 


5105 


51825104 


5104 
5104 


55' 


5033  4957 


5032  4956  4682  4809 


5032  4956  4882  4809  4737 


5032  4956  4882 
503149554881 


5031 


49554881 
49554881 


495548814808 


503149554881 


50304954  48804807 


50304954  4880 


5030 


5030 


51065029 


510650294953 


5029 


5028 


51055028 
51055028 


510550284952 


5027 


5104  5027 


5027 


5104  5027 


5104 


56' 


4958  4884  4811 
4958  4884  4811 


4957 


510750304954  4880 


5030  4954 


4953 


5029  4953 


4953 


51065029  4953  4879 


5029  4953  4879 
5028  4952  4878 
5028  49524878 


4951 
4951 


5027  4951 


6027 


57' 


4951 
4951 
4951 


47411 

474 

474 

474 

474 


or 


0 
1 
2 
3 
4 
% 

6 

•> 

8 

9 


4811 
4811 


4883 
4883 


48084736 


48084736 


4807 
4807 


4954  4880  4807 


4880 


4954  4880 


5030  4954  48804807 


4879 
4879 
4879 
4879 


4952  4878 


4952  48784805 


4878 

4877 
4877 
4877 
4877 
4877 
4877 


58' 


59' 


4810 


^I73 

473! 
4735 


473S 
4810  4738 


4738 


4810^4738 
4810  4738 


4809 
4808 


4808 


4807 


4807 


4806 
4806 


4806  4734 
4805  4733 
4805  4733 

4962|4B78f4805  4733 


4805 


4804 
4804 
4804 
4804 
4804 
4804 

60' 


4737 


4737 

4736 


To 


12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 


29 


4736 


4736 


4735 
4735 
4735 
4735 
4735 


4795 

4735 


4806  4734 
4806  47S4 


4734 
4734 


4806  4734 


4733 
4733 


48054733 


4732 
4732 
4732 
4732 
4732 
4732 

61' 


SO 
31 
32 
33 
34 
35 
36 
37 
38 
39 


•  r 


40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59r 


t 


TABLE  34 


225 


Logarithnui  of  tlie  Appnent  Altitudes  and  Horizontal  Parallax 


Apparent  Altitude  83' 


Mooa'a  Horuontel  PvaUax. 


53'      54' 


53425261^5 
5342|5261 5 
5342  526115 
5342*5261 
53425261 
5342  5261 
5342J5261 
53415260 


53415260 


55'(  56' 


534i;5260J5 


5341;5260j5 
53415260,5 
534lj5260;5 
534i;52605 
5340  5259,5 
53405259:5 
53405259.5 
534052595 
53405259*5 
53405259.5 


533952585 
5339  5258,5 
5339  5258,5 
5339  5258  5 
533952585 
5339  5258  5 
5339  5258,5 
53385257j5 
5338  5257|5 
5338  5257,5 


5338  5257,5 
5338  5257,5 
5338  5257i5 
5338  5257,5 
5337  5256,5 
5337.5256,5 
5337  5256,5 
5337  52565 
5337  52565 
53375256^5 

5337  52565 
5336  52555 
5336  5255  5 
5336^52555 
5336  5255  5 
5336152555 
5336,5255  5 
5336,5255  5 
5335  5254  5 
53355254 


5335:5254 
5335  5254 


5335 
5335 
5335 
5335 
5334 
5334 
5334 
5334 


53' 


5254 

5254 

5254 

5254 

5253 

5253 

5253:5 

52535 


54' 


81 5103  5026  4950  4876  4803 


81 5103  5026  4950 


81 5103  5026  4950i4876 


81 5103 
815103 


815103 
80,5102 
80,5102 
80'|5102 


57'  58'  59' 


4876 


50264950 


^026:4950  4876 
4876 
4876 


815103  50264950 


50264950 
5025!4949l4875 


50254949 
5025*4949 


4876 


4875 
4875 


805102 
80^102 
80fil02 
805102 


50254949,4875 
5025|4949|4875 


79 
79 
79 
79 


78 
78 


5100  50234947 
781510050234947 
7851005023  4947 
78  5100  5023  4947 
78  5100  5023  4947 
78510050234947 
77  5099  5022  4946 
77  5099  5022  4946 
77  5099;5022;4946 


77 


77509950224946 


76 
76 


75 
75 
74 

74 


5101 
5101 
5101 
5101 


5100 


4730 
4730 
4729 

5024'4948|4874|4801 4729 

5024  4948  487414801 4729 

50244948 

50244948 

5024  4948  4874 


5025  4949  4875  4802 

^., 5025  4949  4875  4802 

793101 5024  4948  4874  4801 
795101 -^~''"'*'"^"''""' 


4874  4801 4729 
4874  4801 4729 
4801 4729 


502314947 


4873 
4873 
4873 
4873 
4873 


4873  4800 


4873 
4873 
4872 
48^2 


5099,50224946 


77  5099  5022  4946  4872  4799|4727 
77  5099  5022  494614872  4799 
765098,50214945 
76509850214945 


765098!502l|4945 
765098  5021*4945 


5098  5021,4945 
5098*50214945 


765098,5021,4945 
75|5097,5020.4944 
75 


755097,50204944 
755097,50204944 
755097.5020!4944 


5097,50204944 
5097,5020*4944 
5096501914943 
5096,5019^4943 


74  5096,5019,4943 
74  5096  5019  4943 


745096 
745096 
745096 
745096 
735095 
73  5095 
735095 
735095 

""•^56^ 


5019,4943 


501949434869 
5019  4943  4869 
501849424868 
5018.49424868 


50184942 
50184942 


58' 


4872 
4872 


4871 


60'  61'    53'   54'  55'  56'  67'  58'  69' 


4803 


4803  4731 


4803 
4803 


4802 
4802 


4731 
4731 


Apparent  Altitude   84' 


Moon's  Horizontal  Parallax. 


4731 
4731 


48034731 
4803  4731 
4802  4730 


4730 
4730 


4802  4730 
4802  4730 


48004728 
48004728 
48004728 
48004728 
48004728 


4728 


4800  4728 
4799  4727 
47994727 
47994727 


4799  4727 
47994727 


4727 
4871147984726 
48714798  4726 
48714798  4726 
487147984726 
48714798  4726 
487147984726 


48704797  4725 
5097:5020:4944  4870  4797  4725 

'  —  '4870^797  4725 

487047974725 


4870 
4870 


4797  4725 
4797  4725 


487047974725 


4869 


47964724 


486947964724   '5328  5247 


48694796 


4869 
4869 


50194943486947964724 


4868 
4868 

■59^ 


60' 


4798  4726 


47964724 
4796  4724 


47964724 
47964724 
4795  4723 
4795  4723 
4795  4723 
4795  4723 


61' 


0  >5334 
.5334 
.5334 
•5333 
•5333 
•5333 
•5333 
•5333 
•5333 
•5333 


53335252 
-5332 


'5332 
5332 
5332 
-5332 


5332525151715093 


'5332 
-5332 
'5331 


•5331 
*5331 
•5331 
-5331 
>5331 
•5331 
-5331 
-5330 
-5330 
-5330 


•5330 
•5330 
•5330 
•5330 
•5330 
•5329 
•5329 
•5329 
•5329 
'5329 


5253 
5253 
5253 
5252 
5252 
5252 
5252 
5252 
5252 
5252 


5251 
5251 
5251 
5251 
5251 


5251 
5251 
5260 


5250 
5250 
5250 
5250 
5250 
5250 
5250 
5249 
5249 
5249 


-5329 
-5329 
-5329 
-5328 
-5328 
-5328 
-5328 
-5328 
-5328 


5249 
5249 
5249 
5249 
5249 
5248 
5248 
5248 
5248 
5248 


5173 
5173 
5173 
5172 
5172 
5172 
5172 
5172 
5172 
5172 


5172 
5171 
5171 
5171 
5171 
5171 


5171 
5171 
5170 


51705092 


5170 
5170 
5170 
5170 
5170 
5170 
5169 
5169 
5169 


5169 
5169 
5169 
5169 
5169 
5168 
5168 
5168 
5168 
5168 


5248 
5248 
5248 
5247 
5247 
5247 
5247 
5247 
5247 


4724   '5328  5247  5167  5089 


•5328  5247 


-5327 
-5327 
-5327 
-5327 
-5327 
-5327 
-5327 
-5327 


5246 
5246 
5246 
5246 
5246 
5246 
5246 
5246 


5168 
5168 
5168 
5167 
5167 
5167 
5167 
5167 
5167 
5167 


5095 
5095 
5095 
5094 
5094 
5094 
5094 
5094 
5094 
5094 


5018 
5018 
5018 
5017 
5017 
5017 
5017 
5017 
5017 
5017 


5094 
5093 
5093 
5093 
5093 
5093 


5093 
5093 
5092 


6017 
5016 
5016 
5016 
5016 
5016 
5016 
6016 
5016 


4942 
4942 
4942 
4941 
4941 
4941 
4941 
4941 
4941 
4941 


4941 
1940 
4940 
4940 
4940 
4940 
4940 
4940 
4940 


50154939 


5092 
5092 
6092 
5092 
5092 
5092 
5091 
5091 
5091 


5091 
5091 
5091 
5091 
5091 
5090 
6090 
5090 
5090 
5090 


5016  4939 
50164939 
50164939 
5015  4939 
50164939 
50154939 
5015  4939 


5014 
5014 
5014 


5014 
6014 
5014 
5014 
5014 
5013 
5013 
5013 
5013 
6013 


4938 
4938 
4938 


4938 
4938 
4938 
4938 
4938 
4937 
4937 
4937 
4937 
4937 


5090 
6090 
5090 
5089 
5089 
5089 
5089 
5089 
5089 
6089 


5167 
5166 


6089 
6088 


51665088 


54'r5yr66' 


6013 
5013 
5013 
6012 
5012 
5012 
6012 
5012 
5012 
5012 


5166,5088 
5166,5088 
51665088 
61665088 
51665088 
51665088  50114935 


5012 
5012 
5011 
5011 
5011 
5011 
5011 
501114936 


4937 
4937 
4937 
4936 
4936 
4936 
4936 
4936 
4936 
4936 

4936 
4936 
4935 
4935 
4935 
4936 
4935 


50114936 


57'  58' 


48674794 


4867  4794 
4866  4793 


4866 
4866 
4866 
4866 


4865 
4866 
4865 
4865 
4866 


4865 
4864 
4864 
4864 


4793 
4793 


479314721 
4793 


486614793 
4866 
4866 
4865 


4792 
4792 
4792 
4792 
4792 


4865  4792 


4792 
4791 
4791 
4791 


4791 

4791 
4864  4791 
4864  4791 
4864  4791 
48634790 
48634790 
4863  479014718 
48634790!4718 
486347904718 


4722 
4721 
4721 
4721 


4863  47904718 

4863|4790 

48634790 

48624789 

48624789 


4862 
4862 
4862 


4789 
4789 
4789 


4862,4789 
48624789 


48624789 
48624789 


4861 
4861 
4861 
4861 


4788 
4788 
4788 
4788 


4861 
4861 
4861 


59' 


4861 4788 


4788 
4788 
4788 


60' 


4717 
4717 
4716 
4716 
4716 
4716 
4716 
4716 
4716 


I 


TABLE   84 
Logarithms  of  the  Apparent  AHitades  and  Horizontal  Fanlkx* 


Appaient  Altitode  85* 


Apparent  Altitucle  86' 


Moon's  Horisontml  hnHax. 


Moon's  Horitontal  PmSkx. 


53' 


5327 
'5326 
'5326 


54' 


5246 
5245 
5245 


55'!  56' 


5166  5088 
5165  50871 
5l65'5087l 
'5326:5245j5165!5087 
'53265245:5165!50d7 
'5326,5245|5165  5087 
•5326*5245*5165  5087 
•5326'5245  5 165^5087 
'5326l5245;5165;5087 
-53265245151655087 


57' I  58' 


59'    60' 


50111493514861 
5010!4934l4860 


rl> 


5010!4934;4860  4787 
50104934  4860  4787 
5010;4934|4860|4787|4715 


5010:4934  4860 
501014934  J4860 


5325  5244 15164'5086  5009:4933,4859 


5010!4934|4860|4787 
4787 
4787 


5010J4934!4860 
50104934  4860 


'5825 

'5325 

'5325 

•5325 

'5325 

■5325 

■5325 

•5325:5244 

•:)325  5244 


5241^5164  5086 


5244 
5244 
5244 
5244 
5244 
5244 


516415086 
5164!5086l5009l4933  4859 


5164'5086 
51645086 
51645086 
5164  5086 


5009!4933'4859 
5009149334859 


47864714 
47864714 
478&4714 
4786,4714 
4786  4714 
4786  4714 
4786  4714 
5009>4933'4859|4786  4714 


50094933:4859 
500914933:4859 
5009149334859 


5164*5086  5009  4933  4859  4786  4714 


5164 


532452435163 
5324|5243:5163 
•5324I5243I5163 
■5324  5243|5 163 
■5324'5243!5163 
•5324  5243:5163 


•5324 
'5324 
'5324 
•5324 


5243(5163 
524315163 


5243 
5243 


5163 
5163 


5323 
•5323 
'5323 
•5323 
•5323 
>5323 
-5323 
'5323 
•5323 
-5323 


'5322 
'5322 
-5322 
•5322 
•5322 
•5322 
■5322 
•5322 
•5322 
'5322 


5242j5162 
52425162 
52425162 


5242 
5242 
5242 
5242 


5162 
5162 
5162 
5162 
524215162 
5242  5162 


5242 


5162 


50865009  49334859 


5085150084932  4858 
5085  5008  4932'4858 
5085  5008  4932  4858 
5085  5008  4932J4858 
5085:5008!4932|4858 
5085;5008!4932i4858 
5085  5008'4932!4858 


5085  5008 


5085 
5085 


•5321 
•5321 
•5321 
•5321 
•5321 
•5321 
•5321 
■5321 
•5321 
-5321 


5241 
5241 
5241 
5241 
5241 
5241 
5241 
5241 
5241 
5241 


5161 
5161 
5161 
5161 
5161 
5161 
5161 
5161 
5161 
5161 


52405160 
52405160 
5240,5160 
5240,5160 
5240  5160 
52405160 
5240'5160 
5240,5160 
5240  5160 
5240  5160 


5084 
5084 
5084 
5084 
5084 
5084 
5084 
5084 
5084 
5084 


5083 
5083 
5083 
5083 


5008 
5008 


5007 
5007 
5007 
5007 
5007 
5007 
5007 
5007 
5007 
5007 


5006 
5006 
5006 
5006 


4932 
4932 
4932 


4858 
4858 


4931 4857 


4931 
4931 
4931 
4931 
4931 
4931 
4931 
4931 
4931 


50835006 


5083 
5083 
5083 
5083 
5083 


5082 


5006 
5006 
5006 
5006 
5006 


4930 
4930 
4930 
4930 
4930 
4930 
4930 
4930 
4930 
4930 


5005 


4857 
4857 
4857 
4857 
4857 
4857 
4857 
4857 
4857 


50825005 
50825005 
50825005 
50825005 
50825005 


r 

50825005 
50825005 


4929 
4929 
4929 
4929 
4929 


4856 
4856 
4856 
4856 
4856 
4856 
4856 
4856 
4856 
4856 


4788 
4787 


61' 


55' 


4716 
4715 
[4715 
4715 


4787 
4787 


4786  4714 


4785t4713 


4785 
4785 
4785 
4785 
4785 
4785 


4858  4785 


4785 
4785 


4784 
4784 
4784 
4784 
4784 
4784 
4784 
4784 
4784 
4784 


4715 
4715 
4715 
4715 
4715 


4713 
4713 
4713 
4713 
4713 
4713 
4713 
471^ 
4713 


4712 
4712 
4712 
4712 
4712 
4712 
4712 
4712 
4712 
4712 


0-5321 
'5320 


•532015239 
•532015239 
•5320)5239 
•53205239 


*5320 


4783  4711 
4783  4711 
47834711 
4783  4711 


4855 
4855 
4855 
4855 
4855 


4929,4855 

4929  4855 

4929,4855 

5082'5005l4929  4855l4782|4710 

5082  5005  4929  4855  478214710 


4783 
4783 
4783 
4783 
4783 
4783 


4782 


4782  4710 


4782 
4782 
4782 
4782 
4782 
4782 


4711 
4711 
4711 
4711 
4711 
4711 


4710 


4710 
4710 
4710 
4710 
4710 
4710 


5239 


5159 
5159 


5159508150044928 


5238  5158 


2  5005  4929 


52 

5239l5159l5081 
532015239  51 59(508  l|5e04 

5320*^2395159 


5004  4928  AB54 
4928  IBM 


50B15004 


4928  4854 


4855  4782471 
4761*47091 
47814709 
508l|5004|492Si4854'4781 4709 

4781 4709 

4854*4781  4709 

485447814709 

5159|508l|5004|4928  4854  4781^4709 

4854  4781*4709 
5320|5239t5159|50ei|5004^928  4654*4781 4/ 


5081 


5004)4928 


•5320523951595081 
-5320)5239  5159  508l|5004|4928|4854 
5159(5081 


4854478147 
478147 
5004|4928|4854  478147 
52381515^5080  5003  4927  4853  4780 


•532015239 

■5319  _  _ 

>5319 5238 5158 50805003 4927  48&347804708 

•5319 


506050034927 


•53195238 


•5319 


•5319  5238 


5238  5158 


*5319  5238|5I58 
'5319 


•531915238 


5138  5158  508ffi5003  4927  4853  4780  4  70( 
.e«*o  .,.o  *-*«^.*^.i 4853  4780;470fi 


•5319  5238  5158  5080  5003  4927  48534780  4  70S 
<5319j5238  5158  5080  5003  4927  4853*4  780,4  708 
•5318,5237  5157  507950024926  4852  4779;4707 
531^^237  515715079  5002  4926 

50^24926 


4852  4779*4707 

-...-„  48524779,4707 

5318  5^7  M^7  5079  500^  4926  4852  4779  4707 


'5318 


•5317 


•531,752365156 
5317'52365156 


5158  5080 


515850805003 


5158500050034927 


•5318  5237(51^715079 
•5318  5^7  M^7  5079 
•5318  5^7  M57  5079 


5237  5157  5079 


5002 


___-.__.„ . 4926  <852  4779.4707 

•5318  52^7  5157  5079  5002  4926  4852  4779  4707 

•X91Q  KO'fiT  K.1  Kt  CA40  KAiio  JAO£   AOKo^ A*f9a  A  me%m 


•53l8[523i7|5l57i5079  50Cf2|4926 
'53 18^52^7  515^  5079  5002  4926 
'5318'5237  5157  50795002  4926 
•531815237  5157  5079  5002  4926 
•^318 
•^318 

•53i:8 

•5318 


523751575079 
52365156  5078 
5236  5156  5078 

5078 


52365156 


5317,5236 

53ir52365156 
'5317  52365156 
5156 
'5317  523615156 
•5317  5236 
-531715236 


•5317 
•5317 
•5316 
•5316 
•5316 
•5316 
•5316 
•5316 
•5316 


5236 
5236 
5235 
5235 
5235 
5235 
5235 
5235 
5235 


5080 


57' 


50044928 


4863  4780  4708 
5319!5238|5l58|5080|5003l4927  4863  47804708 

4927  4853  4780  4708 

500314927  4853  4780'470e 

4853  4780'470f 


508050034927 


58 


/ 


4927 


50024926 


5078 


515615078 
5078 
5078 
5078 
5078 


5001 
5078  5001 


4i|'i  60'l  61'| 


or 


rs- 


6 

1 
2 
3 

4 

5 
€ 

9 


485347804708 


4852:4779;4707 


4852  4779,4707 
4852477914707 
48524779J4707 
48524779^707 
5157^079  5002k926  4852  47794707 


5002  4926 
5001  4925 
5001  4925 


4925 
4925 


5001  4925 
5001  4925 


51565078 
51565078 


51565078 


•5316|5235 


51565078 
5155  5077 
515650775000 
5155  5077  5000 
5155  50775000 
5155  5077  5000 
5155*5077  5000 
51555077  5000 
5155  507715000 


5001 
5001 
5001 
5001 
5001 


4925 
4925 
4925 
4925 
4925 


5001 4925 


48524779 
485114778 


470 
4706 


a 

12 
13 
14 
]j 
16 
17 
IS 
19 


20 
21 
22 

•H 

24 
2b 
2t 
27 
2S 
29 


i4 


4851:4778:4706 


48514778,4706 
4851'47784706 
48514778k706 
485147784706 
48514778,4706 
485147784706 
48514778*4706 
485147784706 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


485147784706 
485147784706 


40 
41 
42 
43 
44 
45 
iC 
47 
48 
49 


J' 

4l 

4; 

4.' 
41 
4: 
4' 
I* 
4^ 

!■! 


5001 4925  48514778,4706 
5001  4925'4851  4778,4706 
50004924  485047774705 
4924  4850477714705 
4924  4850'4777;4705 
4924  4850,4777  4705 
4924  485047774705 
4924  4850  47774705 
4924  4850  4777;4705 
4924  48504777470.' 


50 
51 
52 
53 
54 
55 
56 
57 
58 
591 


0,k 

(^ 

fly 
n 
* » 

m  - 
4    • 


TABLE  34 
Logarithms  of  toe  Apparent  Altitudes 


227 


Apparent  Altitude  87* 


Apparent  Altitude  88' 


Mood's  Horiiontal  Pkralkx. 


Moon's  Horizontal  PsnUsz. 


53'      64' 


57".  58'|  59':  60' 


5J1G  5235^1555077  50004924  4850  4777 
5316  5235,51555077.50004924^850  4777 
5316  5235'.5155  5077  5000492414850  4777 


4850  4777 
4850  4777 


5316  5235 
5316  5235 
5316  5235 
53 15  523415154 5076:4999 4923(4849  4776 


5315  5234 
'5315  5234 

•3315  5234 


5315  5234 
•3315  5234 
•3315  5234 
5n5  5234 


5315  5234  5154  5076 


•5315  5234 
-3313  5234 
3315'5234 
•5315  5234 
-53 1515234 


51545076 
51545076 
51545076 
5155;5076 
5154  5076 


-5315  5234 
5315,5234 
-5315  5234 


•5315 
♦3314 
•3314 
•53  M 

•5314 
-5314 


5234 
5233 
5233 
5233 
5233 
5233 


53145233 

-5314:5233 
53145233 
53145233 


51545076 
5154  5076 
5154*5075 
51535075 
5153'5075 
51535075 
5153|5075 
51535075 

5153.5075 


5154  5076,49994923 
5154  5076  4999  4923  4849  4776<4704 
5154  5076  4999  4923,4849.4776  4704 
4999  4923  4849  4  776  4704 


•5314  5233 
5314  5233 


-5314,5233 

53145233 

5314:5233 

-5314  5233 


5314|5233 

53145233 

5313  5232 

-5313|5232 

6313  5232 

53135232 

5313  5232 

•5313,5232 

-53135232 

'5313  5232 


52S« 


51555077:50004924 
51555077150004924 
5155  5077(5000  4924i4850  4777 


61' 


53' 


5 154  5076|4999  4923  4849  4  776 
5154;5076  4999  4923  484i^  4  776 
5154  5076  4999  4923  4849*4  776 


5154  5076,4999  49234849  4776 


4999  4923 


51545076 
5154507614999.4923 


499949234849  4776 
499949234849  4776 
4999492348494776 
49994923  484914776 

4999  4923  4849!4776 


48494776 
4999,49234849  4776 
499949234849  4776 
499849224848  4775 
499849224848  4775 
499849224848  4775 
4998'4922  4848  4775 


5153.5075 


49984922 
4998J4922 

4998  4922 


5153:5075  49984922  4848  4775 


4998  4922 


51535075  49984922 

5153  5075  4998  4922|4848!4775 


'5314'52335153!5075  4998  49224848,4775 


51535075 
5153  5075 
51535075 
5153,5075 

51535075:4998  4922 


4998  4922 
49984922 
49984922 


51535075 

51525074 

5152  5074 

51525074 

5152  5074 

5152  5074!4997  4921 

51525074  49974921 

51525074  49974921 


4998  4922 
4997  4921 
4997  4921 
49974921 
49974921 


51525074 


51525074 


523251525074 


5152  5074 
5152  5074 
5152  5074 
5152  5074 
51525074 
5152  5074 
51525074 
51525074 


49974921 


4997  4921 
49974921 
4997492) 
4997.4921 
49974921 
4997  4921 
,49974921 
49974921 
4997  4921 
49974921 


55' I  56' i  57*1  58' 


4705 
4705 
4705 
4705 

4705 
4705 
4704 
4704 
4704 
4704 


4704 


4849.4776  4704 


484947764704 
4704 


48484775 
48484775 

4848  4775 


48484775 
4848,4775 


499849224848  4775 


4848  4775 
4848,4775 
4848  4775 


4848,4775 
48484775 
484714774 
4847  4774 
484714774 
4847  4774 
4847  4774 
4847  4774 
4847  4774 
4847  4774 


4704 
4704 
4704 


4704 
4704 
4704 
4704 
4703 
4703 
4703 
4703 
4703 
4703 


4703 
4703 
4703 
4703 
4703 
4703 
4703 
4703 
4703 
4703 


4847.4774 
4847  4774 
4847  4774 
4847)4774 
4847  4774 
48474774 
4847  4774 
4847,4774 
48474774 
4847*4774 

59' I  60' 


4703 
4703 
4702 
4702 
4702 
4702 
4702 
4702 
4702 
4702 


4702 
4702 
4702 
4702 
4702 
4702 
4702 
4702 
4702 
4702 


61' 


5313 
5313 
5313 
5313 
5312 
5312 
5312 
5312 
5312 
5312 


5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 


54' 


55' 


52325152 
5232i5152 


5074 


5074  4997 


5232;5I52i6074 


52325152 
523l'5]51 


5231 
5231 
5231 
5231 
5231 


5151 
5151 
5151 
5151 
5151 


5231 
5231 
5231 


5231t5151 


5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 
5312 


5311 
6311 
5311 
5311 
5311 
5311 
5311 
5311 
5311 
5311 


5311 
5311 
5311 
5311 
5311 
5311 
5311 
5311 
5311 
5311 


5311 
5311 
531 1 
5311 
5311 
5311 
5311 
5311 
5311 
5311 


63' 


5231 
5231 
5231 
5231 
5231 
5231 


5231 
5231 
5231 
5231 
523] 
5231 
5231 
5231 
5231 
5231 


5230 
5230 
5230 
5230 
5230 
5230 
5230 
5230 
5230 
5230 


5074 
5073 


5151 
5151 
5151 


5151 
5151 


5151 
5151 
5161 


5151 
5151 
5151 
5151 
5151 
5151 
5151 
5151 
5151 


56' 


57' 


4997 


4997 
4997 
4996 


5073 


5073  4996 


4906 


5073  499G 
5073*4996 
507314996 

5073,4996 
5073;4996 
507314996 
5073,4996 
150734996 
50734996 


5151507314996  4920 


5073  4996 


5073  49964920 


50734996 


6073 
5073 
5073 
5073 
5073 
6073 
507? 
6073 
5073 
6151 15073 


5150,3072 
5160|5072 
5160;5072 
5160,5072 
5160.6072 


6150  6072  4993 


5160  5072 
51606072 


6230 
6230 
5230 
6230 
5230 
6230 
5230 
6230 
6230 
6230 


5230 
5230 


5150  6072  4996 


5150  5072 


6150  5072 
5160|6072 


4996 
4996 
4996 
4996 
4996 
4996 
4996 
4996 
4996 
4906 


4990 
4993 
4993 
4995 
4996 


4995 
4995 


58'|  59' 


49214847 


49214847 


4921 
4921 
4920 
4920 
4920 
4920 
4920 
4920 


4920 


4920|4846 


4920 
4920 
4920 
4920 


4920 


4920 


4920 
4920 
4920 
4920 
4920 
4^20 
4920 
4920 
4920 
4920 


4919 
4919 
4919 
4919 
4919 
4919 
4919 
4919 
4919 


4847 


4847  4774 


4846 
4846 
4846 
4846 
4846 
4846 


4846 


4846 
4846 
4846 
4846 
4846 
4H4G 
4846 
4846 

4846 
4846 
4846 
4846 
4846 
4046 
4846 
4846 
4846 
4846 


49934919 


19961919 


60' 


4774 
4774 
4774 


4773 
4773 
4773 
4773 
4773 
4773 


or 


4773 
4773 
4773 


4702 
4709 
4702 
4708 
4701 
4701 
4701 
4701 
4701 
4701 


or 


0 

1 

2 

8 
4 

5 
6 
7 
8 
9 


4701 
4701 
4701 


47734701 


4773 
4773 
4773 
1773 
4773 
4773 

4773 
4773 
4773 
4773 
4773 
4773 
4773 
4773 


4701 
4701 
4701 
4701 
4  701 
4701 


4701 
4701 
4701 
4701 
4701 
4701 
4  701 
4701 
47734701 
4773|420l 

4  772  4700 
4772;4700 
47724700 
4772  4700 
47724700 
4772  4700 
4772  4700 
47724700 
1772  4700 
1772  4700 


4996 


5150  5072:4996 


6150.6072  4995  4919 


5160  60724995 


4919 
4919 


4843 
4843 
4845 
[4843 
4843 
4845 
1843 
4H45 
1H43 
4845 

4H43  4772  4700 
4H43  4772  4700 


4919 


5150  507249954919 


5150  6072 
5I50!5072 
5150,5072 
6160  6072 


4905^4919 
49954919 
49934919 
49954919 


5150.5072  4993  4919 


5150'6072,4996,4919 
5230;5150!5072,49954919 


5230  5150  5072,4993'4919 
5230,5150'5072l4995491P 
5230<5150i5072,4995  4919 
5072  4995'49ir 


5230 
5230 
5230 
6230 


54' 


5150 
5150 
5150 
5160 


55' 


5072 
5072 
6072 


4995'49in 
49954919 
4995,491? 

56'r5p  58' 


4H45  4772  4700 
4H45  4772  4700 
1843  4772  4700 
4S45  4772  4700 
1S43'4772  4;00 
184514772  4700 
I846'4772  4700 
1845  4772  4700 

4846 


4846 
4845 

48(3 
tH46 
4845 
4845 
(845 
4845 
4846 


59' 


1772  47(10 
4772  4700 
1772  4700 
4772  4700 
17724700 
1772  4700 
4772  1700 
4772  4700 
1772  4700 
j772  470n 

60'  "TTl 


10 

11 

12 

13 
14 
15 
16 
17 
18 
19 


20 

21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


8 
9 

10 
11 


13 
14 
13 
17 
18 
19 
20 
22 
23 
24 


25 
27 

28 
29 
SO 
32 
33 
31 
35 
_37 
3H" 
39 
41 
42 
43 
44 
45 
47 
4H 
_49 

ftf 
52 
53 
34 
56 
57 
5H 
59 
61 
j)2 

63 
64 
66 
67 
34  .  6H 
33  69 
36   71 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49^ 

30 
51 
52 
53 


37 


ri 
73 


^ 
4 
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s 

h  in 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

1. 

H 

0«  0' 

0°  1' 

QO  2' 

Oo  3' 

0°  4' 

0°  5' 

Oo  6' 

0°  V 

0^  8' 

1' 

0 

2  -2553 

1 *9542 

1  -7782 

1  -6532 

1 *5563 

1*4771 

1*4102 

1-3522 

0 

1 

4  -0334 

2  -2481 

1 -9506 

1*7757 

1  -6514 

1 *5549 

1  -4759 

i  -4091 

te3513 
r^504 

1 

2 

3-7324 

2*2410 

1  9471 

1-7734 

1 *6496 

1  -5534 

1  -4747 

1-4081 

2 

3 

3  -5563 

2*2341 

1  -9435 

1*7710 

1  -6478 

1  -5520 

1-4735 

1-4071 

1  -3495 

3 

4 

3*4314 

2  -2272 

1-9400 

1  -7686 

1 -6460 

1  -5506 

1-4723 

1-4061 

1-3486 

4 

5 

3  3345 

2  *2205 

1  -9365 

1  -7663 

1  -6443 

1-5491 

1-4711 

1  -4050 

1-3477 

S 

6 

3 '2553 

2-2139 

1  -9331 

1  -7639 

1 -6425 

1  -5477 

1  -4699 

1-4040 

1*3468 

6 

7 

3*1883 

2  -2073 

1  -9296 

1-7616 

1 -6407 

1 -5463 

1  -4688 

1  -4030 

1-3459 

7 

8 

3*1303  2-2009 

1  -9262 

1  -7593 

1 -6390 

1  -5449 

1  -4676 

1-4020 

1-3450 

6 

9 

3*0792  2*1946 

1-9228 

1  -7570 

1  -6372 

1 -5435 

1*4664 

1  -4010 

1  -3441 

9 

10 

3-0334 

2*1883 

1  -9195 

1  -7547 

1  -6355 

1 -5421 

1  -4652 

1-4000 

1-3432 

10 

11 

2 -9920 

2*1822 

1  -9162 

1 -7524 

1  -6338 

1  -5407 

1-4640 

1  -3989 

1-3423 

11 

12 

2  *9542 

2-1761 

1 -9128 

1-7501 

1-6320 

1  -5393 

1  -4629 

1  -3979 

1-3415 

12 

13 

2-9195 

2-1701 

1 -9096 

1 -7479 

1  -6303 

1  -5379 

1-4617 

1  -3960 

1  3406 

13 

14 

2  -8873 

2-1642 

1  -9063 

1 -7456 

1 -6286 

1  -5365 

1  -4606 

1  -3959 

1-3397 

14 

15 

2-8573 

2*1584 

1  -9031 

1 -7434 

1  -6269 

1  -5351 

1  -4594 

1  -3949 

1-3388 

15 

16 

2 -8293 

2*1526 

1  8999 

1-7412 

1 -6252 

1  -5337 

1  -4582 

1  -3939 

1-3379 

16 

17 

2  8030 

2  1469 

1-8967 

1 -7390 

1-6235 

1  -5324 

1  -4571 

1-3929 

1-3371 

17 

18 

2*7782 

2  1413 

I  -8935 

1 -7368 

1  -6218 

1  -5310 

1  -4559 

1  -3919 

1-3362 

18 

19 

2-7547 

2*1358 

1  -8904 

1  -7346 

1 -6201 

1  5296 

1  -4548 

1  -3910 

1-3353 

19 

20 

2*7324 

2*1303 

1  -8873 

1 -7324 

1  -.6185 

1  -5283 

1  -4536 

1-3900 

1*3345 

20 

21 

2*7112 

2*1249 

1 *8842 

1 -7302 

1  -6168 

1  -5269 

1-4525 

1  -3890 

1  3336 

21 

22 

2  *6910 

2-1196 

1*8811 

1 -7281 

1  -6151 

1  -5256 

1  -4514 

1  -3880 

1-3327 

22 

23 

2-6717 

2-1143 

1 *8781 

1-7259 

1  -6135 

1 *5242 

1  -4502 

1  -3870 

1 -3319 

23 

24 

2  *6532 

2  1091 

1 *8751 

1 -7238 

1-6118 

1 *5229 

1  -4491 

1  -3860 

1 *3310 

24 

25 

2 -6355 

2-1040 

1 *8721 

1-7217 

1  -6102 

1 *5215 

1  -4480 

1  -3851 

1  3301 

25 

26 

2*6185 

2  -0989 

1 *8691 

1  -7196 

1  -6085 

1  5202 

1  -4468 

1  -3841 

1  -3293 

26 

27 

2  6021 

2  -0939 

1  -8661 

1-7175 

1  -6069 

1  -5189 

1  -4457 

1  -3831 

1 -3284 

27 

28 

2 -5863 

2-0889 

1-8632 

1  -7154 

1  -6053 

1  -5175 

1  -4446 

1  -3821 

1 '3276 

28 

29 

2*5710 

2  0840 

1  -8602 

1  -7133 

1  -6037 

1  -5162 

1  -4435 

1  -3812 

1  -3267 

29 

30 

2  *5563 

2  -0792 

1  -8573 

1-7112 

1 -6021 

1  -5149 

1  4424 

1 -3802 

1 *3259 

30 

31 

2*5421 

2  -0744 

1  -8544 

1-7091 

1  -6005 

1-5136 

1  '4412 

1  -3792 

1-3250 

31 

32 

2  -5283 

2  -0696 

1  -8516 

1-7071 

1  -5989 

1  -5123 

1  -4401 

1  -3783 

1  -3242 

32 

33 

2  -5149 

2  0649 

1 -8487 

1  -7050 

1  -5973 

1-5110 

1  -4390 

1  -3773 

1-3233 

33 

34 

2-5019 

2  -0603 

1  -8459 

1 -7030 

1  -5957 

1  -5097 

1  -4379 

1  -3764 

1  -3225 

34 

35 

2  *4894 

2 -0557 

1 -8431 

1*7010 

1-5941 

1  -5084 

1  -4368 

1 -3754 

1  -3216 

35 

36 

2*4771 

2*0512 

1  8403 

1  -6990 

1  -5925 

1  5071 

1  -4357 

1.3745 

1  -3208 

36 

37 

2  -4652 

2  -0467 

1 *8375 

1  -6970 

1  -5909 

1  -5058 

1  -4346 

1  -3735 

1  -3199 

37 

38 

2  -4536 

2  -0422 

1  '8348 

1  -6950 

1 *5894 

1  -5045 

1  -4335 

1 -3726 

1  -3191 

38 

39 

2  -4424 

2  *0378 

1 *8320 

1 *6930 

1 *5878 

1  6032 

1  -4325 

1  -3716 

1  -3183 

39 

40 

2  *4314 

2  -0334 

1 *8293 

1  -6910 

1  -5863 

1  -5019 

1  -4314 

1 -3707 

1  -3174  . 

40 

41 

2  *4206 

2  -0291 

1 -8266 

1 *6890 

1  -5847 

1  -5007 

{  1.4303 

1 *3697 

1-3166  41 

42 

2*4102 

2  *0248 

1 *8239 

1  -6871 

1  -5832 

1  4994 

1  -4292 

1 -3688 

1-3158  42 

43 

2  -4000 

2  -0206 

1  -8212 

1 *6851 

1-5816 

1  -4981 

1  -4281 

1 -3678 

1  -3149 

43 

44 

2  *3900 

2*0164 

1 *8186 

1  -6832 

1  -5801 

1  *4969 

1  -4270 

1 -3669 

1 -3141 

44 

45 

2  *3802 

2  0122 

1 *8159 

1 *6812 

1  -5786 

1  -4956 

1  -4260 

1  -3660 

1-3133 

45 

46 

2*3707 

2 -0081 

1*8133 

1 *6793 

1-5771 

1  -4943 

1  -4249 

1  -3650 

1  -3124 

46 

47 

2-3613 

2 -0040 

1  '8107 

1 *6774 

1  -5755 

1  -4931 

1  4238 

1  -3641 

1*3116 

47 

48 

2  -3522 

2*0000 

1 *8081 

1  6755 

1  -5740 

1  -4918 

1  -4228 

1  3632 

1  -3108 

48 

49 

2  -3432 

1  -9960 

1 *8055 

1 *6736 

I  5725 

1  -4906 

1-4217 

1  -3623 

1-3100  49 

50 

2.3345 

1  -9920 

1  -8030 

1*6717 

1*5710 

1  -4894 

1  -4206 

1-3613 

,  1 *3091  50 

51 

2  -3259 

1  -9881 

1*8004 

1 *6698 

1  -5695 

1  -4881 

1  -4196 

I  -3604 

1  1 *3083  51 

52 

2-3174 

1  -9842 

1 *7979 

1  -6679 

1  -5680 

1  -4869 

1  -4185 

1  -3595 

1*3075  52 

53 

2 -3091 

1  -9803 

1 *7954 

1  6661 

1  -5666 

1  *4856 

1*4175 

1  -3586 

1  -3067 

53 

54 

2*8010 

1  -9765 

1 *7929 

1  -6642 

1  5651 

1  -4844 

1  -4164 

1  -3576 

1  *3059 

54 

55 

2 -2931 

1  -9727 

1 -7904 

1  -6624 

1  -5636 

1  -4832 

1-4154 

1  *35$7 

1 *3051 

55 

56 

2  -2852 

1  -9690 

1*7879 

1  -6605 

1  -5621 

1  -4820 

1*4143 

1  -3558 

1  3043 

56 

57 

2  -2775 

1  -9652 

1  -7855 

1  -6587 

1 *5607 

1  *4808 

1-4133 

1 *3549 

1  3034 

57 

58 

2  -2700 

1 -9615 

1  -7830 

1  -6568 

1 *5592 

1  -4795 

1 '4122 

1 *3510 

1 *3026 

58 

59 

2  -2626 

1  -9579 

1-7806 

1 *6550 

1  -5578 

1  -4783 

1*4112 

1  -3531 

1 *3018 

59 

■  m'~ 

1  0°  y 

0®  1' 

QO  V 

QQ  3' 

0<>  4' 

0°  6' 

1  0°  6' 

(JO   7/ 

0°  8'  1 

" 

TABLE  35.                 229 
Pbopoetional  Logarithms. 

8 
ft 

h   m 
0'  9' 

h   m 
0^  10' 

h   m 
O**  11' 

h   m 
0**  12' 

h   m 
0^  13' 

h   m 
0°  14' 

h   m 
0**  16' 

h   m  |h   m 

0°  16'  10°  17' 

8 

u 
1 

2 
3 

4 
5 
6 
7 
8 
0 

1  3010 
1 -3002 
1-2994 
1 -2986 
1 -2978 
1 -2970 
1 -2962 
1-2954 
1-2946 
1 -2939 

1 -2553 
1 -2545 
1 -2538 
1 -2531 
1 -2524 
1*2517 
1-2510 
1 -2502 
1 -2495 
1 -2488 

1-2139 
1-2132 
1-2126 
1-2U9 
1-2113 
1  2106 
1-2099 
1  -2093 
1  -2086 
1  -2080 

1-1761 
1-1755 
11749 
11743 
1-1737 
1*1731 
1-1725 
ri719 
1-1713 
1-1707 

11413 
1-1408 
11402 
1-1397 
1-1391 
11386 
1-1380 
1  1374 
1  -1369 
1-1363^ 

1-1091 
1 -1086 
1-1081 
1-1076 
1-1071 
1  -1066 
1-1061 
1-1055 
1-1050 
11045 

1  -0792 
1  -0787 
1  -0782 
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1870 
1869 
1868 
1868 
1867 
1867 
1866 
1865 

1834 
1833 
1833 
1832 
1831 
1831 
1830 
1830 
1829 
1828 

1797 
1797 
1796 
1795 
1795 
1794 
1794 
1793 
1792 
1792 

1761 
1760 
1760 
1759 
1759 
1758 
1767 
1757 
1756 
1755 

1726 
1724 
1724 
1723 
1722 
1722 
1721 
1721 
1720 
1719 

1689 
1689 
1688 
1687 
1687 
1686 
1686 
1686 
1684 
1664 

1654 
1653 
1662 
1652 
1661 
1661 
1660 
1660 
1649 
1648 

1619 
lfl8 
1617 
1617 
1616 
1616 
1616 
1614 
1614 
1613 

0 

1 

2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1977 
1977 
1976 
1975 
1975 
1974 
1974 
1973 
1972 
1972 

1939 
1939 
1938 
1938 
1937 
1936 
1936 
1935 
1934 
1934 

1902 
1901 
1901 
1900 
1899 
1899 
1898 
1898 
1897 
1896 

1865 
1864 
1863 
1863 
1862 
1862 
1861 
1860 
1860 
1859 

1828 
1827 
1827 
1826 
1825 
1825 
1824 
1823 
1823 
1822 

1791 
1791 
1790 
1789 
1789 
1788 
1788 
1787 
1786 
1786 

1755 
1754 
1754 
1753 
1752 
1752 
1751 
1761 
1750 
1749 

1719 
1718 
1718 
1717 
1717 
1716 
1715 
1715 
1714 
1714 

1683 
1683 
1682 
1681 
1681 
1680 
1680 
1679 
1678 
1678 

1648 
1647 
1647 
1646 
1646 
1646 
1644 
1644 
1643 
1643 

1613 
1612 
1612 
1611 
1610 
1610 
1609 
1609 
1608 
1607 

10 
11 
12 
IS 
14 
16 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

1971 
1970 
1970 
1969 
1968 
1968 
1967 
1967 
1966 
1965 

1933 
1933 
1932 
1931 
1931 
1930 
1929 
1929 
1928 
1928 

1896 
1895 
1894 
1894 
1893 
1893 
1892 
1891 
1891 
1890 

1859 
1858 
1857 
1857 
1856 
1855 
1855 
1854 
1854 
1853 

1822 
1821 
1820 
1820 
1819 
1819 
1818 
1817 
1817 
1816 

1785 
1785 
1784 
1783 
1783 
1782 
1781 
1781 
1780 
1780 

1749 
1748 
1748 
1747 
1746 
1746 
1745 
1745 
1744 
1743 

1713 
1712 
1712 
1711 
1711 
1710 
1709 
1709 
1708 
1708 

1677 
1677 
1676 
1676 
1675 
1674 
1674 
1673 
1673 
1672 

1642 
1641 
1641 
1640 
1640 
1639 
1638 
1638 
1637 
1637 

1607 
1606 
1606 
1605 
1605 
1604 
1603 
1603 
1602 
1602 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

SO 
31 
32 
33 
34 
35 
36 
37 
38 
39 

1965 
1964 
1963 
1963 
1962 
1962 
1961 
1960 
1960 
1959 

1927 
1926 
1926 
1925 
1924 
1924 
1923 
1923 
1922 
1921 

1889 
1889 
1888 
1888 
1887 
1886 
1886 
1885 
1884 
1884 

1852 
1852 
1851 
1850 
1850 
1849 
1849 
1848 
1847 
1847 

1816 
1815 
1814 
1814 
1813 
1812 
1812 
1811 
1811 
1810 

1779 
1778 
1778 
1777 
1777 
1776 
1775 
1775 
1774 
1774 

1743 
1742 
1742 
1741 
1740 
1740 
1739 
173ft 
1738 
1737 

1707 
1706 
1706 
1706 
1705 
17«4 
1703 
1703 
1702 
1702 

16n 
1671 
1670 
1670 
1669 
1668 
1668 
1667 
1667 
1666 

1636 
1636 
1636 
1634 
1634 
1633 
1633 
1632 
1631 
1631 

1601 
1600 
1600 
1699 
1699 
1598 
1598 
1597 
1596 
1696 

30 
31 
32 
S3 
S4 
S6 
86 
37 
88 
39 

40 
41 
42 
.43 
44 
45 
46 
47 
48 
49 

1958 
1958 
1957 
1956 
1956 
1955 
1955 
1954 
1953 
1953 

1921 
1920 
1919 
1919 
1918 
1918 
1917 
1916 
1916 
1915 

1883 
1883 
1882 
1881 
1881 
1880 
1880 
1879 
1878 
1878 

1846 
1846 
1845 
1844 
1844 
1843 
1843 
1842 
1841 
1841 

1809 
1809 
1808 
1808 
1807 
1806 
1806 
1805 
1805 
1804 

1773 
1772 
177^ 
1771 
1771 
1770 
1769 
1769 
1768 
1768 

1787 
1736 
1736 
1735 
1734 
1734 
1733 
1733 
1732 
1731 

1701 
1700 
1760 
1699 
1699 
1698 
.  1697 
1697 
1696 
1696 

1665 
1665 
1664 
1664 
1663 
1663 
1662 
1661 
1661 
1660 

1660 
1630 
1629 
1628 
1628 
1627 
1627 
1626 
1626 
1625 

1596 
1595 
1594 
1593 
1593 
1592 
1592 
1591 
1591 
1590 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

1952 
1951 
1951 
1950 
1950 
1949 
1948 
1948 
1947 
1946 

1914 
1914 
1913 
1913 
1912 
1911 
1911 
1910 
1909 
1909 

1877 
1876 
1876 
1875 
1875 
1874 
1873 
1873 
1872 
1871 

1840 
1839 
1839 
183S 
1838 
1837 
1836 
1836 
1835 
1835 

1803 
1803 
1802 
1802 
1801 
1800 
1800 
1799 
1798 
1798 

1767 
1766 
1766 
1765 
1765 
1764 
1763 
1763 
1762, 
1762 

1731 
1730 
1730 
1729 
1728 
172^ 
1727 
1727 
1726 
1725 

1695 
1694 
1694 
1693 
1693 
1692 
1692 
1691 
1690 
1690 

1660 
1659 
1658 
1658 
1657 
1657 
1656 
1655 
1655 
1654 

1624 
1624 
1623 
1623 
162^ 
1621 
1621 
1620 
1620 
1619 

1589 
1589 
1688 
1588 
1587 
1587 
1586 
1585 
1586 

1584 
JO  4. 

60 
61 
52 
63 

54 
66 
56 

67 
68 
68 

u 

V   64'  r  55' 

l**  66' 

[l"  67' 

V   58' 

1*  59' 

2«  0' 

2°  I' 

JO  y 

i^y 

m 

.  TABLE  S5. 
Fbopobtional  Logabithms, 
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* 

h  ID 

h  m 

h  m 

h  m 

k  m 

h  m 

h  m 

h  m 

h  m 

h  m 

h  m 

B 

»» 

2«  6' 

2**  6' 

2«  r 

2«  8' 

2*  V 

2«  10* 

2**  11' 

2»  12' 

2**  13' 

2'  14' 

2°  15' 

$f 

0 

1584 

1549 

1616 

1481 

1447 

1413 

1380 

1347 

1314 

1282 

1249 

0 

1 

1583 

1648 

1614 

1480 

1446 

1413 

1379 

1346 

1314 

1281 

1249 

1 

2 

1582 

1648 

1614 

1479 

1446 

1412 

1379 

1346 

1313 

1281 

1248 

2 

3 

1582 

1647 

1513 

1479 

1446 

1412 

1378 

1346 

1313 

1280 

1248 

3 

4 

1581 

1617 

1512 

1478 

1446 

1411 

1378 

1346 

1312 

1280 

1247 

4 

S 

1581 

1646 

1512 

1478 

1444 

1411 

1377 

1344 

1311 

1279 

1247 

5 

6 

1580 

1546 

1611 

1477 

1443 

1410 

1377 

1344 

1311 

1278 

1246 

6 

7 

1530 

1615 

1511 

1477 

1443 

1409 

1376 

1343 

1310 

1278 

1246 

7 

8 

1579 

1644 

1610 

1476 

1442 

1409 

1376 

1343 

1310 

1277 

1245 

8 

9 

1578 

1544 

1610 

1476 

1442 

1408 

1376 

1342 

1309 

1277 

1245 

9 

10 

1678 

1543 

1509 

1476 

1441 

1408 

1374 

1342 

1309 

1276 

1244 

10 

11 

1577 

1543 

1608 

1474 

1441 

1407 

1374 

1341 

1308 

1276 

1213 

11 

12 

1577 

1542 

1608 

1474 

1440 

1407 

1373 

1340 

1308 

1275 

1243 

12 

13 

1576 

1542 

1507 

1473 

1440 

1406 

1373 

1340 

1307 

1275 

1242 

13 

14 

1576 

1541 

1607 

147S 

1439 

1406 

1372 

1339 

1307 

1274 

1242 

14 

15 

1575 

1540 

1506 

1472 

1438 

1406 

1372 

1339 

1306 

1274 

1241 

15 

16 

1574 

1540 

1606 

1472 

1438 

1404 

1371 

1338 

1306 

1273 

1241 

16 

17 

1574 

15^9 

1506 

1471 

1437 

1404 

1371 

1338 

1305 

1273 

1240 

17 

18 

1573 

1539 

1504 

1470 

1437 

1403 

1370 

1337 

1304 

1272 

1240 

18 

19 

1573 

1538 

1604 

1470 

1436 

1403 

1370 

1337 

1304 

1271 

1239 

19 

20 

1572 

1538 

1603 

1469 

1436 

1402 

1369 

1336 

1303 

1271 

1239 

20 

21 

1571 

1537 

1503 

1469 

1436 

1402 

1368 

1335 

1303 

1270 

1238 

21 

22 

1571 

1536 

1602 

1468 

1436 

1401 

1368 

1335 

1302 

1270 

1238 

22 

23 

1570 

1536 

1502 

1468 

1434 

1401 

1367 

1334 

1302 

1269 

1237 

23 

24 

1570 

1535 

1501 

1467 

1433 

1400 

1367 

1334 

1301 

1269 

1237 

24 

25 

1569 

1535 

1500 

1467 

1433 

1399 

1366 

1333 

1301 

1268 

1236 

25 

26 

1569 

1534 

1500 

1466 

1432 

1399 

1366 

1333 

1300 

1268 

1235 

26 

27 

1568 

1534 

1499 

1466 

1432 

1398 

1365 

1332 

1300 

1267 

1235 

27 

28 

1567 

1533 

1499 

1466 

1431 

1398 

1366 

1332 

1299 

1267 

1234 

28 

29 

1567 

1532 

1498 

1464 

1431 

1397 

1364 

1331 

1298 

1266 

1234 

29 

30 

1566 

1532 

1498 

1464 

1430 

1397 

1363 

1331 

1298 

1266 

1233 

30 

31 

1566 

1531 

1497 

1463 

1429 

1396 

1363 

1330 

1297 

1265 

1233 

31 

32 

1565 

1531 

1496 

1463 

1429 

1396 

1362 

1329 

1297 

1264 

1232 

32 

33 

1565 

1530 

1496 

1462 

1428 

1395 

1362 

1329 

1296 

1264 

1232 

33 

34 

1564 

1530 

1496 

1461 

1428 

1394 

1361 

1328 

1296 

1263 

1231 

34 

35 

1563 

1629 

1496 

1461 

1427 

1394 

1361 

1328 

1295 

1263 

1231 

35 

36 

1563 

1528 

1494 

1460 

1427 

1393 

1360 

1327 

1295 

1262 

1230 

36 

37 

1562 

1528 

1494 

1460 

1426 

1393 

1360 

1327 

1294 

1262 

1230 

37 

38 

1562 

1527 

1493 

1469 

1426 

1392 

1369 

1326 

1294 

1261 

1229 

38 

39 

1661 

1627 

1493 

1469 

1425 
1424 

1392 

1369 

1326 

1293 

1261   1229 

39 

40 

1661 

1626 

1492 

1458 

1391 

1368 

1325 

1292 

1260 

1228 

40 

41 

1560 

1626 

1491 

1468 

1424 

1391 

1367 

1325 

1292 

1260 

1227 

41 

42 

1559 

1525 

1491 

1457 

1423 

1390 

1357 

1324 

1291 

1269 

1227 

42 

43 

1559 

1524 

1490 

1456 

1423 

1389 

1356 

1323 

1291 

1259 

1226 

43 

44 

1558 

1624 

1490 

1456 

1422 

1389 

1356 

1323 

1290 

1268 

1226 

44 

45 

1558 

1623 

1489 

1455 

1422 

1388 

1356 

1322 

1290 

1257 

1225 

45 

46 

1557 

1623 

1489 

1456 

1421 

1388 

1366 

1322 

1289 

1257 

1225 

46 

47 

1566 

1522 

1488 

1454 

1421 

1387 

1354 

1321 

1289 

1256 

1224 

47 

48 

1556 

1522 

1487 

1454 

1420 

1387 

1364 

1321 

1288 

1256 

1224 

48 

49 

1555 

1621 
;  1520 

1487 

1453 

1419 

1386 

1353  1  1320 

1288 

1255 

1223 

49 

50 

1555 

1486 

1452 

1419 

1386 

1352 

1320 

1287 

1255 

1223 

50 

51 

1551 

1520 

1486 

1452 

1418 

1385 

1352 

1319 

1287 

1254 

1222 

51 

52 

1551 

1619 

1486 

1461 

1418 

1384 

1361 

1319 

1286 

12'4 

1222 

52 

53 

1651 

1519 

14K6 

1451 

1417 

1384 

1351 

1318 

1286 

1263 

1221 

53 

5ft 

1552 

1518 

1484 

1460 

1417 

1383 

1350 

1317 

1286 

1253 

1221 

54 

55 

1552 

1518 

1483 

1460 

1416 

1383 

1360 

1317 

1284 

1252 

1220 

'^5 

56 

1551 

1617 

1483 

1449 

1416 

1382 

1349 

1316 

1284 

1252 

1219 

56 

,   ^7 

1551 

1516 

1482 

1449 

1415 

1382 

1349 

1316 

1283 

1251 

1219 

57 

1   58 

1550 

1616 

1482 

1448 

1414 

1381 

1348 

1315 

1282 

1250 

1218 

58 

1   59 

1550 

1616  1481 

1447 

1414 

1381 

1348 

1315 

1282 

* 

1250  1  1218 

59 

^ 

1  2**  5'  (  2°  6'  2**  V 

2^  8' 

2**  9',2*'  10^12**  11'  2*  12'  2*  13 

'  2°  14'  2'  ir> 

H 

L 

„^^ 

^M.. 
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35. 

1 

FEOMmtioKAt  \£00AKITH1|S.                  1 

i 

• 

h  n 

k  m 

\    » 

h  m 

h  la 

h  m 

h  m 
2**  2^' 

K  mill  mU  «l^  -1 

• 

m 

r  ir 

2-  \T 

!•  W  2*  ly 

2*  20* 

2*  21' 

'  2*  23'  2*  24 

'p°  2^12' W] 

c 

0 

1217 

1186 

1154 

1123 

1091 

1061 

1030 

0999  1  0969 

0939 

09«» 

0 

I 

1217 

1185 

1163 

1122 

1091 

1060 

1029 

0999 

0969 

0939 

0909 

1 

2 

1216 

1184 

1153 

1122 

1090 

1060 

1029 

0998 

0968 

0938 

0908 

s 

3 

1216 

1184 

1152 

1121 

1090 

1059 

1028  1  0998 

0968 

0938 

0908 

s 

4 

1215 

1183 

1152 

1120 

1089 

1058 

1028  1  0997 

0967 

0937 

0907 

4 

& 

1215 

1183 

1151 

1120 

1089 

1058 

1027 

0997 

0967 

0937 

0907 

ft 

6 

1214 

1182 

IISI 

1119 

1088 

1057 

1027 

0996 

0966 

0936 

0906 

ft 

7 

1214 

1182 

1150 

1119 

1088 

1057 

1026 

0996 

0966 

0936 

0906 

7 

« 

1213 

1181 

1150 

1118 

1087 

1056 

1026 

0996 

0965 

0936 

0906 

S 

9 

1213 

1181 

1149 

1118 

1087 

1056 

1025 

0995  !  0965 

0935 

0906 

9 

10 

1212 

1180 

1149 

1117 

1086 

1055 

1025 

0994   0964 

0934 

0904 

11 

11 

1211 

1180 

1148 

1117 

1086 

1055 

1024 

0904   0964 

0934 

0904 

li  1   1 

12 

1211 

1179 

114$ 

1116 

1085 

1054 

1024 

0993 

0963 

9933 

0903 

! 

13 

1210 

1179 

1147 

1116 

1085 

1054 

1023 

0993 

0963 

0933 

090S 

u 

14 

1210 

1178 

1147 

1115 

1084 

1053 

1023 

0992 

0962 

0932 

09«l 

14 

15 

1209 

1178 

1146 

1115 

1084 

1053 

1022 

0992 

0962 

0932 

0902 

» 

16 

1209 

1177 

1146 

1114 

1083 

1052 

1022 

0991 

0961 

0931 

0901 

U 

17 

1208 

1177 

1145 

1114 

1083 

1052 

1021 

0991 

0961 

0931 

0901 

17 

18 

1208 

1176 

1145 

1113 

1082 

1051 

1021 

0990  0960 

0930 

0900 

II 

19 

1207 

1175 

1144 

1113 

1082 

1051 

1020 

0990  0960 

0930 

iwuka 
vtw 

19 

20 

1207 

1175 

1143 

1112 

1081 

1050 

1020 

0989 

0969 

0929 

0899 

21 

21 

1206 

1174 

1143 

1112 

1081 

1050 

1019 

0989 

0969 

0929 

0899 

21 

22 

1206 

1174 

1142 

nil 

1080 

1049 

1019 

0988 

0958 

0928 

0898 

2S 

23 

1205 

1173 

1142 

nil 

1080 

1049 

1018 

0988 

0958 

0928 

0898 

29 

24 

1205 

1173 

1141 

1110 

1079 

1048 

1018 

0987 

0957 

0927 

0897 

24 

25 

1204 

1172 

1141 

1110 

1079 

1048 

1017 

0987 

0957 

0927 

0897 

SO 

20 

1204 

1172 

1140 

1109 

1078 

1047 

1017 

0986 

0966 

0926 

6896 

SO 

27 

1203 

1171 

1140 

1109 

1078 

1047 

1016 

0986 

0966 

0926 

0896 

27 

28 

1202 

1171 

1139 

1108 

J077 

1046 

1016 

0985 

0956 

0926 

0895 

to 

29 

1202 

1170 

1139 

1108 

1076 

1046 

1015 

0985 

0956 

0926 

0895 

29 

30 

1201 

1170 

1138 

1107 

b76 

1045 

1015 

0984 

0964 

0924 

0894 

30 

31 

1201 

1169 

1138 

1106 

1075 

1045 

1014 

0984 

0954 

0924 

0894 

31 

32 

1200 

1169 

1137 

1106 

1075 

1044 

1014 

0983 

0953 

0923 

0893 

32 

33 
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0326 

0300 

0275 

58 

'   k' 

''  '*   Av|* 

AKS   0l5<   0431  1  0405  | 

0378 

0352 

0326 

0300 

0274 

59 

i4-  4VV  2"  41*  2-  42*^  2»  43*, 

8.  44' 

2,  45' 

2.  46' 

2-  47' 

2»  48' 

m 

" 

-.  -- 

«^^^ 

TABLE   35. 
Pbopoktionai.  Looabithhs. 


8 

h  m  h  m 

h  m 

h  ml 

h  m 

h  ml 

h  m  h  m 

h  m  h  m  1 

h  ml 

8 

'     5 

r  49' 

V   60'  5 

V"   51' 2''  52'2*»  53' 2°  54'  1 

J"  55'  2»  56'  2°  57' 12^  58'  2**  59' | 

n 

0 

0274 

0248 

0223 

0197 

0172 

0147 

0122 

0098 

0073 

0049 

0024 

0 

1 

0273 

0248 

0222 

0197 

0172 

0147 

0122 

0097 

0073 

0048 

0024 

1 

2 

0273 

0247 

0222 

6197 

0171 

0146 

0122 

0097 

0072 

0048 

0023 

2 

3 

0273 

0247 

0221 

6196 

0171 

0146 

0121 

0096 

0072 

0047 

0023 

3 

4 

0272 

0247 

0221 

6196 

0171 

0146 

0121 

0096 

0071 

0047 

0023 

4 

5 

0272 

0246  0221 

6195 

0170 

0145 

012O 

0096 

0071 

0646 

0022 

5 

6 

0271 

0246  0220 

6195 

0170 

0145 

0120 

0095 

0071 

0046 

0022 

6 

7 

0271 

0245 

0220 

6194 

0169 

0144 

0119 

0095 

0070 

0046 

0021 

7 

8 

0270 

0245 

0219 

6194 

0169 

0144 

0119 

0094 

0070 

0045 

0021 

8 

9 

0270 

0244 

0219 

6194 

0169 

0143 

0119 

0094 

0069 

0045 

0021 

9 

10 

0270 

0244 

0219 

6193 

0168 

0143 

0118 

0093 

0069  0044 

0020 

10 

11 

0269 

0244 

0218 

6193 

0168 

0143 

0118 

0093 

0068  0044 

0020 

11 

12 

0269 

0243 

0218 

6192 

0167 

0142 

0117 

0093 

0068 

0044 

0019 

12 

13 

0268 

0243 

0217 

6192 

0167 

0142 

0117 

0092 

0068 

0043 

0019 

13 

14 

0268 

0242 

0217 

6192 

0166 

0141 

0117 

0092 

0067 

0043 

0019 

14 

15 

0267 

0242 

0216 

6191 

0166 

0141 

0116 

0091 

0067 

0042  0018  1 

15 

16 

0267 

0241 

6216 

6191 

0166 

0141 

0116 

0091 

0066 

0042 

0018 

16 

17 

0267 

0241 

6216 

6196 

0165 

0140 

0115 

0091 

0066 

0042 

0017 

17 

18 

0266 

0241 

6215 

6196 

0165 

0140 

0115 

0090 

0066 

0041 

0017 

18 

19 

0266 

0240 

0215 

6189 

0164 

0139 

6114 

0090 

0065 

0041 

0017 

19 

20  J 

0265 

0240 

0214 

6189 

0164 

0139 

6114 

0089 

0065 

0040 

0016 

20 

21 

0265 

0239 

0214 

6189 

0163 

0139 

6114 

0089 

0064 

0040 

0016 

21 

22 

0264 

0239 

6213 

6188 

6163 

0138 

6113 

0089 

0064 

0040 

0015 

22 

23 

0264 

0238 

6213 

6188 

6163 

0138 

6113 

0088 

0064 

0039 

0015 

23 

24 

0264 

0238 

6213 

6187 

6162 

0137 

6112 

0088 

0063 

6039 

0015 

24 

25 

0263 

0238 

6212 

6187 

6162 

0137 

6112 

0087 

0063 

0038 

0014 

25 

26 

0263 

0237 

6212 

6187 

6161 

0136 

6112 

0087 

0062 

0038 

0014 

26 

27 

0262 

0237 

6211 

6186 

6161 

0136 

6111 

0087 

0062 

0038 

0013 

27 

28 

0262 

0236 

6211 

6186 

6161 

0136 

6111 

0686 

0062 

0037 

0013 

28 

29 

0261 

0236 

6211 

6185 

6166 

0135 

6116 

6686 

0061 

0037 

0012 

29 

30 

0261 

0235 

0210 

6185 

6166 

0135 

6116 

6685 

0061 

0036 

0012 

30 

31 

0261 

0235 

0210 

6184 

6159 

0134 

6116 

6685 

0060 

0036 

0012 

31 

32 

0260 

0235 

0209 

6184 

6159 

0134 

6169 

6684 

0060 

0036 

0011 

32 

33 

0260 

0234 

0209 

6184 

6158 

0134 

6169 

6684 

0060 

0035 

0011 

33 

34 

0259 

0234 

0208 

6183 

6158 

0133 

6168 

6684 

0059 

0035 

0010 

34 

35 

0259 

0233 

0208 

6183 

6158 

0133 

6168 

6683 

0059 

0034 

0010 

35 

36 

0258 

0233 

0208 

6182 

6157 

0132 

6167 

0083 

0058 

0034 

0010 

36 

37 

0258 

0233 

0207 

6182 

6157 

0132 

6167 

0082 

0058 

0034 

0009 

37 

38 

0258 

0232 

0207 

6181 

6156 

0131 

6167 

0082 

0057 

0033 

0009 

38 

39 

0257 

0232 

0206 

6181 

6156 

0131 

6166 

0082 

0067 

0033 

0008 

39 

40 

0257 

0231 

0206 

6181 

6156 

0131 

6166 

0081 

0057 

0032 

0008 

40 

41 

0256 

0231 

0205 

6186 

6155 

0130 

6165 

0081 

0056 

0032 

0008 

41 

42 

0256 

0230 

0205 

6186 

6155 

0130 

6165 

0080 

0056 

0031 

0007 

42 

43 

0255 

0230 

0205 

6179 

6154 

0129 

0105 

0080 

0055 

0031 

0007 

43 

44 

0255 

0230 

6204 

6179 

6154 

0129 

0104 

0080 

0055 

0031 

0006 

44 

45 

0255 

0229 

0204 

6179 

6153 

0129 

0104 

0079 

0055 

0030 

0006 

45 

46 

0254 

0229 

0203 

6178 

6153 

0128 

0103 

0079 

0054 

0030 

0006 

46 

47 

0254 

0228 

0203 

6178 

6153 

0128 

0103 

0078 

0054 

0029 

0005 

47 

48 

0253 

0228 

0202 

6177 

6152 

0127 

0103 

0078 

0053 

0029 

0005 

48 

49 

0253 

0227 

0202 

6177 

0152 

0127 

0102 

0077 

0053 

0029 

0004 

49 

50 

0252 

0227 

0202 

6176 

0151 

0126 

0102 

0077 

0053 

0028 

0004 

50 

51 

0252 

0227 

0201 

6176 

0151 

0126 

0101 

0077 

0052 

0028 

0004 

51 

52 

0252 

0226 

0201 

6176 

0161 

0126 

0101 

0076 

0052 

0027 

0003 

52 

53 

0251 

0226 

0200 

6175 

0150 

0125 

0100 

0076 

0051 

0027 

0003 

53 

54 

0251 

0225 

0200 

6175 

0150 

0125 

0100 

0075 

0051 

0027 

0002 

54 

55 

0250 

0225 

0200 

6174 

0149 

6124 

0100 

0075 

0051 

0026 

0002 

55 

56 

0250 

0224 

0199 

6174 

0149 

6124 

0099 

0076 

0050 

0026 

0002 

56 

67 

0250 

0224 

0199 

0174 

0148 

6124 

0099 

0074 

0050 

0025 

0001 

57 

58 

0249 

0224 

0198 

0173 

0148 

0123 

0098 

0074 

0049 

0025 

0001 

58 

59 

0249 

0223 

0198 

0173 

0148 

0123  ;  0098 

0073 

00  i9 

0025 

0006 

59 

// 

2«  49'|  2"  60'  2-  51 

'  2"  52'  2"  5.V.  2"  61'  2«  55',  2-  SC'i  2«  57',  2«  58',  2«  59' 

/' 

KK 
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TABLE  36. 
Appakent  Distance^  lo' 


Apparent  Altitude  of  the  Sun  or  Star. 


Alt.rrTr 


8^ 


9^ 


6^ 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 


2  49 

3  0 
3  15 
3  34 

3  52 

4  10 
4  27 
4  42 

4  54 

5  3 

5  9 


2  48 
2  48 

2  56 

3  8 
3  21 

3  34 
3  46 

3  57 

4  5 
4  12 

4  15 
4  16 


2  55 
2  47 
2  48 

2  54 

3  2 


/  m 

3  6 
2  52 
2  47 
2  47 
2  51 


3  11 
3  20 
28 
34 
39 


2  57 

3  4 


3 
3 
3 


3 
3 
3 


8 
14 
17 


3  41 
3  40 
3  37 


3  18 
3  16 
3  12 
3  6 


10^ 


/  M 


3 
3 
2 
2 


23 

0 

49 

45 

46 


2 
2 
2 
3 


49 

53 

57 

1 

2 


3 
3 


3 
1 


2  57 
2  50 
2  41 


11^  I  12**  14 


3  45 
3  10 
2  54 
2  47 
2  44 


3  59 
3  22 
3  1 
2  49 
2  42 


4  35 
3  46 
3  15 
2  57 
2  47 


16* 


f  » 


5 

4 
3 
3 
2 


18° 

TTt 


9 

7 
28 

4  3 
49  2 


37 

7 
48 


2  45 
2  47 
2  50 
2  52 
2  54 


2  43 
2  44 
45 

47 
48 


2  42 
2  41 


2 
2 


41 
42 


2  42 


2  53 
2  51 
2  47 
2  41 
2  31 


2  48 
2  46 
2  42 
2  36 
2  28 


2  42 
2  41 
2  38 
2  33 
2  27 


2  41  2 
2  40  2 
2  37  2 
2  37*2 
2  38:2 


37 
32 
30 
31 
32 


20* 


2  41 


2  39  2 
2  38  2 
2  37  2 
2  35  2 
2  30  2 


34 
35 
36 
35 
33 


2  21 


2  18 
2  5 


2  19 
2  8 
1  55 
1  40 


2  24*2 
2  17  2 
2  6  2 
1  55  2 
1  38  1 


29 
24 
16 


2  28 
2  21 
2  19 
2  19 
2  22 

2  25 
2  27 
2  30 
2  32 
2  32 


2  31 
2  29 
2  24 


7  2  18 
56*2  10 


22* 


24* 


26' 


28' 


2 

5 

2 

2 

2 

3 

1  40 

2 

6 

1  43 

2  10 

1  49 

2  15 

1  56 

2  19 

2    2 

2  23 

2    9 

2  26 

2  14 

1 
1 
I 
1 
1 


22 
30 
39 
47 
55 


2  28 

2  19 

2  28 

2  24 

2  27 

2  24 

2. 26 

2  24 

2  19 

2  23 

3 

9 

15 

20 

20 


2 
2 


1  22 


43 
26!  1 
8  1 


1  59 


47 
33 
1  16 
0  58 


2  12 
2  4 
1  53 
1  40 
1  26 


1  9 
0  50 


2  22  2 


2  14 
2  7 
1  58 
1  47 


2 
2 
2 
2 


20 

18 

16 

9 

2 


2 
2 
2 
2 


1  34 
1  19 
1  2 
0  44 


53 
42 
29 

14 
57 


0  39 


TABLE    4  a. 

DifforenoM  for  One  Minnte  ([  's  Horuontel  Parallax. 

Apparent  Altitude  of  the  Sun,  Star  or  Planet.     . 

Alt. 

6** 

10* 

16« 

20** 

30° 

40**,50°|62° 

74*».86o, 

D'a 
Alt. 

tt 

// 

tt 

tt 

// 

// 

tt 

tt 

tt 

6*> 

S'6 

4*4 

0 

6*> 

10 

4-9 

h'i 

8*8 

0 

10 

15 

I'l 

4*9 

5*3 

8*8 

1 

15 

SO 

0 

4-8 

S*0 

0 

90 

as 

so 

0*9 

8*6 

8*8 

96 

0 

4*8 

0 

80 

86 

8*0 

3*6 

86 

40 

0 

8*8 

0 

40 

80 

0 

2*8 

60 

60 
70 

0 

1*2 

60 

0-8  0*4 

70 

80 

0*9 

0 

80 

86 

Add  for  erery  min.  <[  'a  H.P.  abore  57. 

96 

Subtract         „             „            under  57. 

6**  1 10^  1 16*  1  20*  1  30*  (40*1 

5021 

62* 

74* 

86«> 

1 

30"  ar 


8 
19 
30 


>•• 


11 
19 
13 
II 


0  58 


1  41 
1  5011 


58 

5 

10 


11 
23 
35 
45 
53 


0 
1 
1 
1 


50 

4 

17 

29 


15 
15 
15 
14 
11 


2 
2 
2 
2 
2 


0 

5 

10 
11 
10!2 


1 
1 
1 

1 


39 
48 
55 

1 
4 


4}  2 
57  2 


9,2  6:31 


47 
37 
24 


5*2 
59  2 


6!  32 


52 
43 


5 

2  0 
1  54 


9 
0  53 
0  35 


1 
1 
1 
0 
0 


32  i 1  47 


19 

5 

49 

31 


1  38 
1  27 
1  15 
1  1 


0  45|  41 
0  28!  12 


m 


TABLE    36. 
AfPABBNT  Distance,  10° 


S45 


Apparent  Altitude  of  the  Snn 

or  Star. 

>'» 

S^*'  36° 

38**  1  40**  1 42°  .  44°  46°  50° 

54° 

58° 

62° 

660 

70°  1  74°  78«  I  82° 

86° 

It. 

7 

8 

9 

10 

#  iy 

f     0 

/  0 

/■  k 

t  0 

/  // 

/  0 

/  0 

'  /  0 

/  0 

/  0 

/  // 

r 

/  0 

/  0 

t  0 

/  0 

/  0 

Alt. 

6<« 
7 
8 
9 
10 

11 
12 
13 
14 
15 

^ 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

• 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

0  44 

0  59 

» 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

1  12 
1  24 
1  35 
1  44 
1  51 

0  39 

0  54 

1  8 
1  20 
1  30 

0  35 

0  50 

1  4 

0  31 

26 
27 
28 
29 
30 

31 
32 
33 
31 
35 

1  56 

1  59 

2  1 
2  0 
1  58 

1  39 
1  46 
1  51 
1  54 
1  55 

1  16 
1  26 
1  34 
1  41 
1  46 

0  46 

1  0 
1  12 
1  21 
1  30 

0  28 
0  43 

0  56 

1  8 

0  26 
0  40 

• 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

1  55 
1  49 
1  42 
1  33 
1  22 

1  55 
1  53 
1  49 
1  44 
1  37 

1  49 
1  50 
1  50 
1  47 
1  44 

1  36  1  17 
1  41  1  25 
1  43  1  31 
1  45.1  35 
1  44*1  36 

0  53 

1  4 
1  13 
1  20 
1  26 

0  24 
0  38 

0  50 

1  0 
1  9 

0  20 

36 
37 

38 
39 
40 

41 
42 
43 
44 

46 

1  10 
0  57 
0  42 
0  26 

1  28 
1  18 
1  6 
0  53 
0  24 

1  38 
1  32 
1  23 
1  14 
0  49 

1  42 
1  38 
1  33 
1  27 
1  9 

1  39 
1  38 
1  36 
1  33 
1  21 

1  30 
1  33 
1  33 
1  33 
1  27 

1  16 
1  21 
1  25 
1  27 
1  27 

0  33 
0  44 

0  53 

1  1 
1  11 

0  18 
0  38 

• 

0 

41 
42 
43 
44 
46 

48 
50 
52 
54 
56 

0  22 

0  47 
0  20 

1  5 
0  44 
0  19 

• 

1  16 
1  1 
0  41 
0  18 

1  22 
1  11 
0  57 
0  38 
0  17 

1  16 
1  16 
1  11 
1  2 
0  49 

0  53 

1  2 
1  5 
1  5 
1  0 

0  16 
0  33 
0  45 
0  62 
0  55 

0  14 
0  28 
0  38 

0  13 

• 

48 
50 
62 
54 
56 

58 
60 
62 
64 
66 

• 

0  33 
0  15 

0  52  jO  54 
0  42  0  50 
0  29  0  44 
0  14  0  35 
0  24 

0  44 

0  46 
0  45 
0  41 
0  36 

0  24 
0  32 
0  36 
0  37 
0  36 

0  12 
0  21 
0  26 
0  29 

0  12 
0  17 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

■ 

0  13 

0  29 
0  21 
0  12 

0  34 
0  29 
0  23 
0  17 
0  11 

0  29 
0  28 
0  26 
0  22 
0  19 

0  21 
0  22 
0  22 
0  21 
0  19 

0  11 
0  15 
0  16 
0  17 
0  17 

0  11 
0  13 
0  13 

0  10 

68 
70 
72 
74 
76 

78 
SO 
82 
84 
86 

0  1ft 
0  11 

0  17 
0  15 
0  13 
0  11 

0  16 
0  15 
0  13 
0  12 
0  11 

0  13 
0  13 
0  12 
0  11 
0  11 

0  11 
0  11 
0  11 
0  10 

78 
80 
82 
84 
86 
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TABLE   36. 
Appakbnt  Distance,  12° 


Apparent  Altitude  of  the  Son  or  Star. 


D's 

CO 

r 

80j 

9° 

10= 

11^ 

12° 

U** 

16° 

18° 

20° 

22° 

24°  1  26^ 

28° 

30°  1  32' 

C* 
Ak 

lit. 

/      H 

t    u 

/  tt 

/  // 

/      M 

/     H 

/      H 

#    M 

/  // 

t  $t 

f      H 

/    m 

/    u 

f  " 

0     M 

/ 

m 

6 

2  21 

2  23   2  30   2  43 

2  58 

3  16 

3  35 

4  15 

4  54 

5  32 

e 

4 

2  33 

2  23  ;  2  23   2  28 

2  36 

2  48 

3     1 

3  29 

3  57 

4  25 

8 

2  48 

2  30   2  23 

2  22 

2  25 

2  32 

2  40 

2  59 

3  19 

3  39 

3  56 

fi 

9 

3     5 

2  41 ! 2  28 

2  22 

2  21 

2  23 

2  28 

2  40 

2  54 

3     7 

3  18 

9 

10 

3  24 

2  54   2  36 

2  26 

2  22 

2  20 

2  22 

2  28 

2  38 
2  27 

2  46 

2  53 

2  57 

19 

11 

3  44 

3     8 12  46 

2  33 

2  25 

2  21 

2  20 

2  19 

2  32 

2  35 

2  36 

U 

12 

4     2 

3  23   2  57 

2  40 

2  29 

2  23 

2  20 

2  19 

2  21 

2  23 

2  24 

2  23 

2  18 

\ix 

13 

4  21 

3  37,3     7 

2  48 

2  35 

2  26 

2  22 

2  18 

2  17 

2  18 

2  17 

2  14 

2     7 

u 

14 
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36 
37 
38 
39 
40 

(1 
42 
43 
44 

46 

1  14 
1  10 
1  5 
0  59 
0  47 

1  18 
1  14 
1  10 
1  6 
0  56 

1  19 
1  17 
1  14 
1  10 
1  2 

1  19 
1  18 
1  15 
1  13 
1  7 

1  17 
1  16 
1  15 
1  13 
1  9 

1  13 
1  13 
1  13 
1  12 
1  10 

1  7 
1  9 
1  9 
1  9 
1  8 

0  52 
0  55 
0  57 

0  59 

1  1 

0  32 
0  36 
0  40 
0  43 
0  48 

0  24 
0  32 

41 
42 
43 
44 

46 

48 
50 
52 
54 
56 

0  34 

0  44 

0  31 

0  52 
0  41 
0  29 

0  59 
0  49 
0  39 
0  27 

1  3 
0  55 
0  46 
0  36 
0  25 

1  5 
0  59 
0  52 
0  44 
0  34 

1  5 
1  1 
0  56 
0  49 
0  41 

1  2 
1  0 
0  58 
0  54 
0  49 

0  52 
0  54 
0  54 
0  52 
0  50 

0  38 
0  42 
0  45 
0  46 
0  46 

0  21 
0  28 
0  33 
0  37 
0  39 

0  20 
0  25 
0  29 

• 

0  18 

48 
50 
52 
54 
56 

ST 

«0 
62 
64 
66 

0  24 

0  32 
0  23 

0  43 
0  36 
0  28 
0  20 

0  46 
0  42 
0  37 
0  31 
0  25 

0  45 
0  43 
0  40 
0  36 
0  32 

0  40 
0  39 
0  38 
0  36 
0  33 

0  31 
0  33 
0  33 
0  33 
0  32 

0  22 
0  25 
0  27 
0  28 
0  28 

0  20 
0  22 
0  23 

0  16 
0  18 

0  19 
0  19 
0  19 

0  19 
0  18 

0  15 
0  16 
0  17 
0  17 
0  16 

0  15 
0  15 
0  15 

58 
60 
62 
64 
66 

18 

70 
72 
74 
76 

0  19 

0  27 
0  22 
0  17 

0  30 
0  27 
0  23 
0  20 
0  16 

0  30 
0  28 
0  25 
0  23 
0  20 

0  27 
0  26 
0  25 
0  23 
0  21 

0  23 
0  23 
0  22 
0  21 
0  20 

68 
70 
72 
74 
76 

1 

0  18 
0  16 

0  19 
0  18 
0  16 
0  15 

0  19 
0  18 
0  17 
0  16 
0  15 

0  18 
0  17 
D  16 
D  15 

D  15 

0  16 
0  15 
0  15 
0  14 

0  15 
0  14 

78 
80 
82 
84 
86 

34« 

360 

3^0  1 

400 

420, 

440 

46° 

50° 

540 

58° 

62° 

660 

70* 

74* 

78° 

82<» 

86'' 

250 


TABLE    36. 
Apparent   Distance,    16° 


. 


Apparent;  Altitude  of  the  Sun  < 

or 

Star. 

«'• 

e*' 

t" 

8° 

9° 

10° 

11° 

12° 

14° 

16° 

18° 

20° 

22° 

24°      26° 

28C 

'   30° 

'  32 

< 

Alt. 

1  54 

1  54 

2    0 

/  // 

t  // 

/      V 

2  40 

/  if 
2  57 

3  34 

4  13 

4  53 

/  It 
5  30 

/  It 
6     7 

/   If 

/    » 

9     If 

t  0 

/  • 

6^ 

2  10  2  24 

7 

2     1 

1  54  i  1  53 

1  58  2     6 

2  16 

2  29 

2  56 

3  26 

3  56 

4  26 

4  54 

1 

8 

2  13 

1  59 1 1  53 

1  53  |l  56 

2     3 

2  11 

2  31 

2  53 

3  17 

3  41 

4    3 

4  24 

^ 

9 

2  28 

2     8  1 1  58 

1  53,1  52 

1  55 

2     0 

2  13 

2  30 

2  49 

3     7 

3  25 

3  41 

*i 

10 

2  45 

2  20 

2     5 

1  56  1  52 

1  52 

1  51 

2     2 

2  14 

2  28 

2  42 

2  56 

3     9  3  21 

W 

11 

3     2 

2  33 

2  14 

2     2,1  55 

1  52 

1  51 

1  55 

2     4 

2  14 

2  25 

2  35 

2  45   2  54 

'  \ 

12 

3  21 

2  47 

2  24 

2     9.1  59 

1  54 

1  51 

1  51 

1  56 

2     3 

2  12 

2  21 

2  27 ; 2  33 

2  39 

L 

13 

3  39 

3     1 

2  36 

2  17,2     5 

1  57 

1  53 

1  50 

1  52 

1  56 

2     0 

2    8 

2  14   2  18 

2  21 

1: 

14 

3  58 

3  16 

2  46 

2  26  2  11 

2     2 

1  55 

1  49 

1  49 

1  54 

1  56 

2    0 

2    32     6 

2     8 

2     9 

h 

15 

4  16 

3  30 

2  58 

2  35 

2  18 
2  26 

2     7 

1  59 

1  50 

1  48 

1  49 

1  51 

1  54 

1  56' 1  58 

1  58 

'1  58 

•  - 

16 

4  34 

3  44 

3     9 

2  44 

2  12 

2    3 

1  52 

1  48 

1  47 

1  48 

1  49 

1  51    1  51 

1  51 

1  50 

1  4; 

",  •# 

17 

4  51 

3  58 

3  20 

2  53  2  33 

2  18 

2     7 

1  54 

1  48 

1  46 

1  46 

1  46 

1  47 

1  47 

1   46 

1   44 

1  41 

i; 

18 

5     7 

4  11 

3  31 

3     2  '2  40 

2  24 

2  12 

1  57 

1  49 

1  46 

1  44 

1  44 

1  44 

1  43 

1  42 

I  40 

1  36 

19 

5  23 

4  24 

3  41 

3  10  2  46 

2  29 

2  16 

1  59 

1  50 

1  46 

1  44 

1  43 

1  42    1  41 

1  39;  1  36 

1  32 

, 

20 

5  39 

4  36 

3  51 

3  18 

2  53 
2  59 

2  34 

2  20 

2     2 

1  52 

1  46 

1  44 

1  42 

1  41 1 1  39 

1  37 

|1  34 

1    3i^ 

21 

5  53 

4  48 

4     0 

3  25 

2  39 

2  J4 

2     4 

1  53 

1  47 

1  44 

1  42 

1  40    1  38 

1  36|1  33 

•1  29 

22 

6    7 

4  58 

4     9 

3  32  3    4 

2  43 

2  27 

2     6 

1  54 

1  47 

1  44 

1  41 

1  39 ; 1  38 

1  35 

1  32 

1  ^6 

1 

23 

5     8 

4  17 

3  38  3     9 

2  47 

2  30 

2    8 

1  55 

1  48 

1  44 

1  41 

1  39|1  37 

1  35 

1  32 

1  2? 

^ 

24 

4  24 

3  44  3  14 

2  51 

2  33 

2    9 

1  56 

1  48 

1  43 

1  41 

1  39    1  37 

1  34 

1  31 

1  2: 

^ 

25 

3  49  3  18 

2  54 

2  35 

2  10 

1  56 

1  48 

1  43 

1  40 

1  38 : 1  36 

1  34 

1  31 

1  2: 

J  J 

26 

3  21 

2  56 

2  37 

2  11 

1  56 

1  47 

1  43 

1  40 

1  38 

1  36 

1  34.1  31 

1  2?« 

•i 

27 

2  58 

2  38 

2  11 

1  56 

1  47 

1  42 

1  39 

1  37 

1  35 

1  34 

1  31 

1  2S 

*  • 

28 

2  39 

2  11 

1  57 

1  46 

1  41 

1  38 

1  36 

1  35 

)  33 

1  31 

1  2«i 

^» 

29 

2  10 

1  54 

1  44 

1  39 

1  36 

1  35 

1  34 

1  32 

1  31 

1  %< 

^ 

30 

2     9 

1  52 

1  43 
1  38 

1  37 

1  35 

1  33 

1  33 

1  32 

1  30 
1  29 

1    2!» 

31 

1  50 

1  35 

1  33 

1  32 

1  31 

1  30 

\  2S 

32 

1  47 

1  38 

1  33 

I  30 

1  30 

1  29 

1  29 

1  29 

1  27 

33 

1  35 

1  30 

1  28 

1  27 

1  27 

1  28 

1  27 

1  26 

/          1 

34 

1  31 

1  26 

1  24 

1  24 

1   25 

1  25 

1  26 

1  25 

•• 

35 

1  24 

1  21 

1  21 

1  22 

1  23 

I  24 

1  24 

36 

1  19 

1  17 

1  18    1  19 

1  21   1  22 

'  1  22 

* 

t 

37 

1  13 

1  14 

1  16 

1   18  1   !9 

1  20 

38 

1     9 

1  10 

1  12 

1  15  1  17 

1  18 

> 

39 

1     6 

1     8 

I  11.  1  14 

1  16 

yf 

40 



1     1 

1     4 

1     7  1  10 

I  13 

«• 

41 

0  59 

1     3  1     7i 

1  10 

(1 

42 

0  54 

0  58  1     3 

1     6 

\i 

43 

0  54  0  58 

1     3 

K\ 

44 

0  49  0  54 

0  59 
0  50 

41 

4«" 

46 

TABLE    4a. 
Differences  for  One  Minute  d  'aHorixontal  Parallax. 

1 

0  44 

48 

0  41 

Apparent  Altitude  of  the  Sun  or  Star. 

Alt.- 
6°  J 

6°  10«: 

•    16°  20°    30°  40°,  50°62°,74°86 

°<['a 
-  Alt. 

1-4   3'C 

ff  j     "       ''  •  " 

tt  .  tt  \ 

n 

It 

>    1*9    0-7 

6° 

10    I 

1*4   3*4 

t    2*7    1*9 

10 

15    S 

1*4'  3*1 

3*2    3*8    0*3 

15 

30    C 

r9  9*1 

3*0    3*0    1*7 

SO 

25 

i  0*4 

\    3*1  '  3*6    3*4  0*3 

35 

SO 

30 

0*7     1*8    3*6   1 -41          1        i 

36 

0*3    3*3  l*9;0*3j       1 

35 

40 

1*4  ?*0 

1  -0  ' 

40 

60 

1*0 

1-4  0-4 

60 

1 

1 

60 

0*7  0*7 

0*1 

60 

70 

1 

1          1 

1 

0«4 

0-3    0 

70 

80           •          ■          1          '          •        ' 

1 

01 

80 

( 

86      Add  for  every  min.  (T's  H  P.  above  67.  1 

8C     1        1 

1 

Subtract          .,              „^           under  57.   '        |           | 

1 

•                     **    ♦       *^      |-s»«      \^^i\t          viv     i^v^i   UV     lV£     i/'V    .oO 

1 

•     r 

1                       < 

^— ~ 

1                 1                                 • 

-     1      1        I 

1 

TABLE    86. 
Apparent  Distance,  16' 
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Apparent  Altitude  of  the  Sun 

or  Star. 

'a      34*"  1  36^ 

SS**  1  40'*  .  42** .  44**  .  46** 

50** 

54° 

58»,  62° 

66° 

700 

740    78°,  82° 

86° 

d's 

It,       '    ^ 

6° 
7 
8 
9 
10 

/    m 

/     M 

/  // 

/  It 

/     M 

/     M 

/    u 

/  // 

/  // 

/  // 

/    u 

/      M 

f  tf 

/    u 

/  '» 

/  tf 

Alt. 

6° 
7 
8 
9 
10 

It 
12 

13 
14 

15 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

1  31 
1  27 
1  25 

119 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

1  23 
1  22 
1  22 
1  22 
1  23 

1  17 
1  16 
1  16 
1  16 
1  17 

1    9 
1    9 
1     9 
1  10 

1     1 
1     2 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

1  23 
1  24 
1  24 
1  24 
1  25 

1  17 
1  18 
1  19 
1  20 
1  21 

1  11 
1  12 
1  13 
1  14 
1  15 

1     3  0  54 
1     4  0  56 
1     6  0  58  0  49 
1     8  1     0  0  51 
1     9  1     2  0  53 

0  44 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

1  25 
1  25 
1  24 
1  24 
1  23 

1  21 
1  21 
1  22 
1  21 
1  21 

1  16 
1  17 
1  18 
1  18 
1  18 

1  10 
1  12 
1  13 
1  14 
1  14 

1     4  0  56 
1     5|  0  58 

17  10 

18  12 

19  13 

0  47 
0  50 
0  52 
0  54 
0  56 

0  37 
0  40 

\ 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

1  22 
1  20 
1  19 
1  17 
1  15 

1  21 
1  20 
1  18 
1  17 
1  15 

1  18 
1  18 
1  17 
1  16 
1  15 

1  15:1  10 
1  15|l  11 
1  15  1  11 
1  14  1  11 
1  14  1  11 

1     5 
1     6 
1    7 
1    7 
1    8 

0  58 

1  0 
1     1 
1     2 
1     3 

0  43 
0  46 
0  48 
0  50 
0  52 

0  32 
0  35 
0  38 

- 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

1  12 
1     9 
1     6 
1    3 
0  55 

1  13 
1  11 
1    8 
1    6 
0  59 

1  13 
1  12 
1  10 
1     7 
1     2 

1  13  1  11 
1  111  10 
1  10  1     9 
18  18 
1415 

1     8 
1     8 
1     7 
1     7 
1     4 

1     4 
1     4 
1     4 
1     4 
1     3 

0  54 
0  55 
0  56 
0  57 
0  58 

0  40 
0  43 
0  44 
0  46 
0  49 

0  28 
0  31 
0  34 
0  38 

0  25 

41 
42 
43 
44 
46 

48 
50 
52 
54 
56 

0  47 
0  37 

0  52 
0  43 
0  35 

0  56 
0  48 
0  41 
0  32 

0  59  1     0 
0  53  0  55 
0  46  0  49 
0  38  0  43 
0  30  0  36 

1     1 
0  57 
0  52 
0  47 
0  40 

1     1 
0  58 
0  54 
0  49 
0  44 

0  57 
0  56 
0  54 
0  51 

0  47 

0  50 
0  51 
0  51 
0  49 
0  47 

0  41 
0  43 
0  44 
0  45 
0  44 

0  30 
0  33 
0  36 
0  38 
0  38 

0  23 
0  27 
0  30 
0  32 

0  21 
0  24 

48 
60 
62 
54 
56 

58 
60 
62 
64 
66 

0  28 

0  34 
0  27 

0  38 
0  82 
0  25 

0  43 
0  39 
0  34 
0  28 
0  23 

0  45 
0  41 
0  38 
0  34 
0  30 

0  43 
0  41 
0  39 
0  36 
0  33 

0  38 
0  38 
0  37 
0  36 
0  33 

0  33 
0  33 
0  33 
0  32 
0  31 

0  26 
0  27 
0  28 
0  28 
0  28 

0  20 
0  22 
0  23 
0  24 
0  24 

0  19 
0  20 
0  21 

0  18 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

0  25 
0  21 

0  30 
0  26 
0  23 
0  20 

0  31 
0  28 
0  26 
0  23 
0  21 

0  30 
0  28 
0  26 
0  24 
0  22 

0  27 
0  26 
0  25 
0  24 
0  22 

0  24 
0  24 
0  23 
0  22 
0  21 

0  21 
0  21 
0  21 
0  20 
0  19 

0  18, 
0  19 
0  19 
0  18 
0  18 

0  17 
0  17 
0  17 
0  17 

68 
70 
72 

74 
76 

78 
80 

82 
84 
86 

• 

• 

0  19 

0  21 
0  19 
0  18 

0  21 
0  20 
0  19 
0  18 
0  17 

0  20 
0  19 
0  18 
0  18 
0  17 

0  19 
0  18 
0  17 

0  17 
0  17 

78 
80 
82 
84 
86 

34° 

360 

38°  . 

40O 

420 

440 

460 

50«  1 

54<> 

580 

620 

66® 

70° 

740 

78° 

82^  1 

86°  1 

L  L 


TABLE    86. 
Affabekt   Distance, 


Apparent  Altitude  of  the  San  or  Star. 


18°    20°     22**     M"  I  26" 


I  I  44  1 

1  1  44  ] 

!  1  49  1 

>  1  58  ] 


1  49 

1  45  1  47 
44  'l  45 
47  1  43 


3  23 
3  40 
3  S8 


1  52  1  4S 

1  5S  1 

2  6 'J  55 
2  15 '2 

2  24 '2 


41    2  52  3 

23   2  32  2 
10   i  17  2 
1  S4   2    0   2     5   ~ 
47   1  52  1 1  56  1 


'   2  33  2  16 

I    2  42  '2  23 

I    2  51  '2  30 

0  2  38 

9  2  45 


1  34    1  34   1  34 


I  3  17  2  52 

I  3  25  2  58 

>  3  33  3     ' 

I  3  40  3  1 

'  3  47  3  16 


I    1  Zfi    : 
'    1  Si 
;    1  !(    . 


i   3  54  3  21 

0  3  26 

3  31 


30   1  27 ; 1  25  1 


6  1  24 
B  I  24 
5  I  23 
i  1  23 
I  t  22 
i  1  21 
I  1  20 
)  I  19 


1  23  : 

1  a  : 

I  !2  ; 

1  S2  . 

1  21 

1  !1  . 

I  20  : 

I  19  . 

1  19  . 


I  17  I  16 
I  15  1  15 
1  13  I  13 
1  lOJ  I  II 


1  17 

1  16  : 

1  IS  : 

1  13  : 


TABLE    4fl. 
Differracoi  for  One  Minute  «  'sHoriionUl  PmlUi. 

Apr«rBnl  Altitude  of  the  Sun  or  Star. 

v.; 

8° 

(° 

10" 

IS"  20°    30° 40° 
!■»    1-0 

1-p  s-4  a-1  0-8 

50°  62° 

74°,86'' 

10 

so 
It 

40 

s-o 

0^; 

40 
40 

1           1  I -4    1-8 

0-8  0-6 

:; 

1 

Addfbr 
Subtract 

n  1  n 

BTeiymin.  «■«  H. 

under 

7^ 

[ 

70 
80 
BS 

:i 
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Apparent  Distance,  18^ 

Apparent  Altitude  of  the  Sun  or  Star. 

» 

54°     36**  1  38^ 

40° 

42° 

440     46° 

50° 

54° 

58<>    620 

66° 

70° 

74° 

78°    82° 

86° 

Alt. 

it- 

r    m 

r    M 

/  ft 

/  // 

/  // 

t     H 

/  tt 

/  // 

/  // 

/  u 

/    n 

/  // 

/  // 

/  // 

/    u 

/  // 

/  // 

60 

6° 

7 

7 

8 

8 

9 

9 

LO 

-I — 

• 

10 
11 

LI 

L2 

12 

L3 

13 

14 

14 

15 

15 
16 

16 

1  54 

17 

1  46 

17 

18 

1  39 

1  37 

18 

19 

1  34 

1  32 

19 

20 

1  30 

1  27 

1  24 

20 
21 

21 

1  27 

1  24 

1  21 

22 

1  25 

I  22 

1  18 

1  14 
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0  27 

0  24  ;0  23 

0  22 

76 

78 

0  26 

0  26 

0  24 

0  24 

0  22 ,0  22 

78 

80 

0  22 

0  22 

0  22 

0  22 

0  19  .0  19 

80 

82 

0  22 

0  21 

0  21 

0  19 

82 

84 

0  22 

0  21 

0  20 

0  19 

84 

86 

0  21 

0  20 

86 

1  340 

360  1  380  1  4CO 

42®,  44<' 

46° 

5CO 

54° 

5bO,  6L0 

60° 

70« 

74''  1  7b°  82° 

86'' 
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Apparent  Distancb^  26* 

Apparent  Altitude  of  the  Sun  or  Star. 

D'8 

e'* 

r 

8° 

r 

10° 

11" 

12° 

14° 

16° 

18° 

20° 

22° 

24°     26°  f  28*  1  30"  ,  M^ 

♦ 

# 

Alt. 

6^ 
7 
8 
9 
10 

1  17 
1  25 
1  31 
1  41 
1  50 

1    18 

1  19 
1  19 
1  26 
1  33 

/  *t 

1  24 
1   18 
1  17 
1  18 
1  23 

1  30 
1  23 
1  19 
1  16 
1  17 

1  40 
1  31 
1  22 
1  19 
1  15 

1  50 
1  39 
1  28 
1  21 
1  15 

/  // 

2     2 
1  48 
1  39 
1  25 
1  15 

2  30 
2    9 
1  45 
1  36 
1  23 

§  tt 

2  59 
2  33 
2    3 
1  51 
1  34 

/     M 
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2  58 
2  22 
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1  46 

4     1 
3  24 
2  42 
2  22 
2    0 

4  30 
3  50 
3    3 
2  39 
2  15 

/  tt 

4  59 
4  15 
3  24 
2  58 
2  39 

t    tt      w    m  \    t    m 

5  28  5  54  6  2S 
4  40  5     5  5  27 
3  44  4     5  4  26 
3  26  3  54  3  53 
2  43  2  58  3  13 

t    e 

1  6  57 
543 
4  44 
4    8 
3  36 

11 
12 
13 
14 
15 

2     1 
2  16 
2  33 

2  47 

3  0 

1  43 

1  53 

2  3 
2  14 
2  25 

1  29 
1  34 
1  44 

1  51 

2  0 

1  20 
1  23 
1  31 
1  38 
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1  16 
1  20 
1  25 
1  28 
1  35 

1  42 
1  49 

1  54 

2  2 
2    9 

1  15 
1  16 
1  19 
1  22 
1  27 

1  16 
1  15 
1  17 
1  17 
1  20 

1  21 
1  15 
1  15 
1  12 
1  14 

1  29 
1  20 
1  18 
1  13 
1  13 

1  39 
1  27 
1  23 
1  16 
1  15 

1  51 
1  36 
1  29 
1  22 
1  19 

2    3 
1  56 
1  37 
1  28 
1  23 

2  16 
1  58 
1  47 
1  34 
1  28 

2  28 
2    6 
1  55 
1  41 
1  35 

2  40  2  54 
2  27  2  27 
2     5  2  16 
1  5l'2     0 
1  43  1  50 

3    6 
2  36 
2  24 
2    ( 

1  56 

w 
n 

14 

11 

16 
17 
18 
19 
20 

3  16 
3  37 

3  46 

4  2 
4  15 

2  39 

2  51 

3  3 
3  15 
3  27 

2  15 
2  22 
2  24 
2  41 
2  55 

1  56 

2  2 
2  11 
2  19 
2  29 

1  31 
1  38 
1  42 
1  49 
1  56 

1  24 
1  29 
1  33 
1  37 
1  42 

1  15 
1  18 
1  21 
1  24 
1  28 

1  13 
1  13 
1  13 
1  17 
1  18 

1  13 
1  12 
1  11 
1  14 
1  14 

1  15 
1  13 
1  12 
1  12 
1  10 

1  18 
1  16 
1  12 
1  11 
1     9 

1  23 
1  19 
1  13 
1  12 
1     9 

1  27 
1  22 
1  16 
1  13 
1  10 

1  32  1  39 
1  27  1  33 
1  21  1  25 
1  16  1  21 
1  13  1  16 

1  44 
1  37 
1  & 
1  23 
1  18 

i: 
u 

17 

3 
24 
25 

21 
22 
23 
24 
25 

4  30 
4  43 

4  56 

5  17 
5  24 

3  38 

3  50 

4  2 
4  15 
4  26 

3     1 
3  13 
3  22 
3  33 

3  42 

2  37 
2  45 

2  53 

3  2 
3  10 

2  19 
2  23 
2  33 
2  41 
2  48 

2     2 
2     8 
2  14 
2  20 
2  27 

1  49 
1  52 

1  59 

2  5 

,2  10 

1  30 
1  34 
1  37 
1  42 
1  46 

1  20 
1  21 
1  24 
1  27 
1  30 

1  32 
1  34 
1  38 
1  41 
1  44 

1  15 
1  15 
1  16 
1  17 
1  18 

1  21 
1  23 
1  25 
1  27 
1  30 

1  10 
1  10 
1  11 
1  12 
1  12 

1     8 
1    7 
1    7 
1    8 
1    9 

1     8 
1     8 
1    7 
1    7 
1     7 

1     9 
1     8 
1     7 
1     7 
1     6 

1     9  1    13:1   15 
1     8  1  10 '  1  12 
1    8, 1     9   1  10 
I     7,1     9il    9 
1     6  1     8J1     8 

26 
27 
28 
29 
30 

5  38 

5  51 

6  5 
6  24 
6  33 

4  37 
4  48 

4  59 

5  5 
5  21 

3  53 

4  2 
4  12 
4  21 
4  32 

3  18 
3  25 
3  33 
3  40 
3  49 

2  51 

3  1 
3     8 
3  14 
3  19 

2  33 
2  39 
2  45 
2  50 
2  56 

2  14 
2  20 
2  26 
2  30 
2  34 

1  50 
1  52 

1  57 

2  1 
2     6 

1  13 
1  15 
1  17 
1  18 
1  20 

1    9 
1  10 
1  11 
1  12 
1  13 

1    6 
1    6 
1    7 
1    8 
1    9 

1     6 
1     6 
1     6 
1    6 
1     5 

16  18 
1517 
1516 
1415 
1     31     4 

1     7 
1    € 
1     5 

:i    4 

1     3 

2i 
2: 

29 

31 
32 
33 
34 
35 

6  45 
6  57 

5  40 
5  51 
5  59 

4  40 
4  49 

4  57 

5  6 

3  56 

4  4 
4  12 
4  20 
4  27 

3  28 
3  35 
3  41 
3  47 
3  52 

3     2 
3    9 
3  13 
3  18 
3  22 

2  40 
2  46 
2  50 
2  54 
2  59 

2  10 
2  13 
2  15 
2  19 
2  24 

1  46 
1  50 
1  52 
1  55 
1  59 

1  31 
1  33 
1  35 
1  37 
1  40 

1  21 
1  24 
1  25 
1  26 
1  27 

1  14 
1  16 
1  16 
1  17 
1  18 

1    9 
1  10 
1  10 
1  11 
1  11 

1     5 
1     5 
1     6 
1     6 
1     6 

13  13    12 
1     3  1     2    1     1 
1     2  1     1.1     0 
1     2  1     ill     0 
1     2  1     lil     0 

35 

. — 1 

36 
37 
38 
39 
40 

3  58 

3  28 
3  31 

3    3 
3     9 
3  10 

2  29 
2  35 
2  35 
2  35 
2  37 

2    3 
2     6 
2     6 
2    9 
2  13 

1  43 
1  45 
1  48 
1  51 
1  53 

1  53 
1  53 
1  54 
1  55 

1  29 
1  31 
1  33 
1  35 

1  38 

1  19 
1  20 
1  21 
1  23 
1  24 

1  12 
1  12 
1  13 
1  13 
1  14 

1     6 
1    6 
1     7 
1     8 
1     9 

12  11 
1     i;i     1 
1111 
1     I'l     1 
1111 

1     0 
1     0 
1     0 
1     0 
1     0 

3( 
37 
3* 
39 
40 

41 
42 

43 

44 
46 

\ 

1 

2  15 
2  15 

1  39 1 1  26 
1  40  1 1  27 
1  40  : 1  28 
1  40  1 1  29 
1  41    1  30 

1  15 
1  16 
1  17 
1  18 
1  19 

1  10 
1  10 
1  11 
1  11 
1  11 

12  11 
1311 
1411 
I    5.1     1. 
1     5!l     li 

1     0 
1     0 
0  59 
0  59 
0  58 

41 
42 
43 
44 
4« 

48 
50 
52 
54 
66 

1  30 

1  20 
1  21 

1  12 
1  12 
1  13 

1     6 
1     6 
1     6 
1    6 

0  53 
0  58 
0  57 
0  56 
0  56 

49 
50 
ht 
54 

56 

58 
60 
62 
64 
66 

0  56 

59 
60 
63 
64 
6^ 

68 
70 
72 
74 
76 

6? 
70 
72 
74 
76 

78 
80 
82 
84 
86 

78 

go 

84 

U 

^^^^^^^^ 

6** 

r 

8* 

9** 

10**,  11^  1 

12°  1  14°  1  16°^ 

18° 

20° 

22° 

24°  \ 

26° 

28°, 

30°  1 

32^ 
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Apparent  Altitude  of  the  Sun 

or  Star. 

• 

8  1  34^ 

36« 

38^  1  40^ 

42'' 

44'' 

46'' 

50" 

54" 

58"  \  62" 

66" 

70^ 

74"     78" 

82" 

86" 

d's 

jrl 

B     5      5 
9     4   21 
0      3   42 

3  56 

t   n 

f  ff 

/  // 

/   » 

/  // 

/  // 

/    u 

/  // 

»  // 

/  // 

/  // 

/  // 

f  ** 

/  // 

/  // 

Alt. 

6** 
7 
8 
9 
10 

1  3    17 

2  2   49 

3  2   34 

4  |2    15 

5  |2      3 

3  26 
2  58 
2  43 
2  22 
2  10 

3    9 
2  48 
2  33 
2  16 

2  43 

\2  23 

11 
12 
13 
14 
15 

16  I 

IS  1 
19 

20 

1    51 
1    43 
1   33 
1   28 
1   22 

1  57 
1  48 
1  36 
1  31 
1  25 

2     1 
1  52 
1  40 
1  34 
1  28 

2     5  2  13 
1  58  1  59 
1  45  1  49 
1  38  1  41 

1  31  'l  32 

1  55 
1  45 
1  35 

1  35 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

1    18 
1    14 
1    12 
1    10 
1     8 

1  20 
1  16 
1  13 
1  11 
1     8 

1  22 
1  17 
1  14 
1  12 
1     9 

1  25  1  26 
1  20  ;i  21 
1  16  1  17 
1  13  1  13 
1  10  1  10 

1  29 
1  23 
1  18 
1  14 
1  11 

1  30 
1  25 
1  18 
1  15 
1  12 

1  19 
1  14 

21 
22 
23 
24 
25 

26 
27 

28 
29 
SO 

1     6 
1     5 
1     4 
1     2 
1     1 

1     6 
1     4 
1     3 
1     1 
1     0 

1     7 
1    4 
1     3 
1     1 
0  59 

17  17 
14  13 
13  12 
1111 
0  59  0  59 

1     7 
1     3 
1    2 
1     0 
0  58 

1     9 
1     3 
1     0 
0  58 
0  58 

1  10 
1     3 
0  59 
0  57 
0  57 

0  56 
0  56 
0,56 

26 
27 
28 
29 
30 

31 
32 
33 
34 

35 

1     0 
1     0 
0  59 
0  59 
0  59 

0  59 
0  59 
0  58 
0  58 
0  57 

0  59 
0  59 
0  58 
0  58 
0  57 

0  59  0  58 
0  59  0  58 
0  58  0  57 
0  58  0  57 
0  58  0  56 

0  58 
0  57 
0  56 
0  56 
0  55 

0  57 
0  56 
0  55 
0  55 
0  55 

0  56 
0  56 
0  55 
0  55 
0  54 

0  56 
0  55 
0  55 
0  55 
0  54 

0  55 
0  54 
0  54 
0  54 

0  48 
0  47 
0  47 
0  46 
0  46 

0  45 
0  43 
0  42 
0  42 
0  40 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

0  59 
0  58 
0  58 
0  58 
0  57 

0  57 
0  56 
0  56 
0  55 
0  55 

0  57 
0  56 
0  55 
0  54 
0  54 

0  57  0  56 
0  56  0  55 
0  55  0  55 
0  55  0  54 
0  54  0  53 

0  55 
0  54 
0  52 
0  51 
0  51 

0  54 
0  51 
0  50 
0  49 
0  48 

0  54 

0  48 
0  48 
0  48 
0  47 

0  54 
0  48 
0  47 
0  47 
0  47 

0  53 
0  48 
0  47 
0  46 
0  46 

0  43 

36 
37 
38 
39 
40 

41 
42 
43 
44 

46 

0  57 
0  57 
0  57 
0  56 
0  56 

0  54 
0  54 
0  54 
0  54 
0  54 

0  54 
0  53 
0  53 
0  52 
0  52 

0  53  0  53 
0  53  0  52 
0  53  0  52 
0  52  0  51 
0  52  0  51 

0  51 
0  50 
0  50 
0  49 
0  49 

0  48 
0  48 
0  48 
0  48 
0  47 

0  47 
0  47 
0  46 
0  46 
0  45 

0  46 
0  46 
0  45 
0  45 
0  43 

0  45 
0  43 
0  42 
0  42 
0  40 

0  42 
0  40 
0  39 
0  38 
0  38 

0  38 
0  38 

41 
42 

43 
44 
46 

48 
50 
52 
54 
56 

0  56 
0  55 
0  55 
0  54 
0  54 

0  54 
0  53 
0  53 
0  52 
0  51 

0  52 
0  51 
0  51 
0  50 
0  49 

0  51  0  50 
0  51  0  49 
0  50  0  48 
0  48  0  47 
0  49  0  46, 

0  47 
0  47 
0  46 
0  45 
0  44 

0  46 
0  46 
0  46 
0  43 
0  43 

0  45 
0  44 
0  44 
0  42 
0  42 

0  43 
0  42 
0  42 
0  42 
0  42 

0  40 
0  40 
0  40 
0  40 
0  40 

0  40 
0  39 
0  39 
0  37 
0  37 

0  38 
0  37| 
0  37 
0  36 
0  36 

0  37 
0  36 
0  36 
0  36 
0  36 

0  34 
0  33 
0  33 
0  33 
0  32 

0  32 
0  31 
0  31 

0  30 

48 
50 
52 
54 
56 

58 
60 
62 
64 
66 

0  53 
0  53 

0  51 
0  49 
0  48 

0  49 
0  47 
0  47 
0  46 

0  47, 
0  46 
0  44 
0  43 
0  43 

0  45 
0  44 
0  43 
0  42 
0  41 

0  43 
0  43 
0  42 
0  41 
0  40 

0  43 
0  42 
0  41 
0  38 
0  38 

0  41 
0  41 
0  40 
0  37 
0  37 

0  41 
0  41 
0  39 
0  37 
0  36 

0  38 
0  36 
0  36 
0  34 
0  34 

0  36 
0  35 
0  35 
0  33 
0  33 

0  35 
0  34 
0  S3 
0  32 
0  32 

0  34 
0  33 
0  32 
0  31 
0  31 

0  32 
0  31 
0  30 
0  29 
0  29 

0  31 
0  31 
0  30 
0  29 
0  29 

0  31 
0  31 
0  29 
0  28 
0  28 

0  29 
0  27 
0  27 
0  28 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

0  39 

0  38 
0  36 

0  37 
0  37 
0  36 

0  36 
0  35 
0  35 
0  34 
0  34 

0  36 
0  36 
0  35 
0  35 
0  34 

0  34 
0  34 
0  33 
0  33 
0  32 

0  33 
0  33 
0  32 
0  32 
0  30 

0  31 
0  31 
0  31 
0  31 
0  30 

0  30 
0  29 
0  29 
0  29 
0  29 

0  28 
0  27 
0  27 
0  27 
0  27 

0  28 
0  27 
0  27 
0  27 
0  27 

0  28 
0  27 
0  27 

0  27 

68 
70 
72 
74 

76 

78 
80 

.    82 
84 
86 

AjaA 

t^^^r^ 

—rzs: 

»mA 

-rsa- 

0  32 
0  31 

0  31 
0  30 
0  30 
0  30 

( 

0  30 
0  28 
0  29 
D  29 

9  29 

0  29 
0  28 
0  28 
0  28 
0  28 

0  29 
0  28 
0  28 
0  28 

0  26 
0  25 

*AU 

*«^o 

78 
80 
82 
84 
86 
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TAJSLE   36. 
Apfarbnt  Distancb,  30' 


Apparent  Altitude  of  the  Sun 

or  Star. 
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6° 

7° 

8° 

9° 

10° 
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12°  1  14° 

16° 

18°,  20° 

22°  1  24° 
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32^ 
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/  ft 
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/  ft 
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/  n 
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1" 
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1  15 
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1  31 
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6  17 

• 

7 

1  16 
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1  52 '2  10 

2  30 

2  48 

3    6 

3  27 

3  44 

\  4 

3 

4  21 

« 

.9 
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1  27 

1  14 
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1  11 
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1  28  1  39 
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1  52 
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n' 
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1  13 
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■ 

12 
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13 
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1  56 
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1  29 'l  19 

1  16 

1  13 '  1  12 

1  14  1  18 
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1  33  1  40 

1  48 

1  58 

2 

7    2  Itt 
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14 
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2    4 

1  48 
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1  15 '  I  12 
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1   19    1  24  1  30 

1  37 

1  46 
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1  15 
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68 

17    1   13 

1     8 

1     6 

1     2 

13   11 
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0  59 
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0  57 

76 

19 

1  10 

18  12 

13   11 

0  58 

78 

19 

1  10 

18  12 

13   10 
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1     0 
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4  29 

3  54  <3  28 

3  6 

2  47 1 2  24 

2  2 

1  51 

1  40 

1  33 

1  27 

1  22  1  18  I  15 

1  13 

42 

6  5 

5  15 

4  35 

4  0^ 

3  32, 3  10 

2  51 1 2  26 

2  5 

1  53 

1  41 

1  34 

1  ^ 

1  23  1  18i  1  15 

1  14 

42 

43 

6  12 

5  22 

4  40 

4  4 

3  36 

3  14 

2  56  , 2  29 

2  9 

1  56 

1  48 

1  35 

1  29 

1  24  ,1  19, 1  16 

1  14 

43 

44 

6  20 

5  29 

4  46 

4  9 

3  41 

3  18 

3  0  2  32  2  13 

1  58 

1  44 

1  36 

1  30 

1  25  il  19'  1  16 

1  15 

44 

46 

6  33 

5  40 

4  55 

4  19 

3  49 

3  24 

3  6  2  36  2  16  ;2  0 

1  46 

1  37 

1  31 

1  26  .1  20, 1  17 

1  IS 

4( 
4> 

48 

6  46 

5  50  5  4 

4  27 

.3  56 

3  31 

'3  12.2  40 

2  20  2  3'  1  49 

1  39 

1  32 

1  27  1  20  1  17 

1  16 

50 

7  0 

6  2  5  13 

4  36  4  4 

3  37  1 3  18 

2  46 

2  23  2  6  1  51 

1  41 

1  33 

1  28  ;i  21  1  18 

1  16 

jfl 

52 

7  12 

6  13  5  21 

4  44  4  11 

3  45  '  3  23 

2  51 

2  26  ;2  10  1  54 

1  48 

1  34 

1  29 

1  23 

1  19 

1  17 

32 

54 

7  23 

6  23 , 5  30 

4  51 :4  18 

S  53  3  28  2  57 

2  29 

2  13  1  57 

1  46 

1  37 

1  31 

1  25 

1  21 

1  18 

34 

56 

7  35 

6  32  5  38 

4  58 

'4  25 
i4  31 

3  59  3  33  3  2 

2  34 

2  17  2  0 

1  49 

1  40 

1  S3 

1  27 

1  23 

1  20 

36 
5< 

58 

7  45 

6  40  5  46,5  5 

4  5  3  40  3  8 

2  3912  21  2  8 

1  52 

1  43 

1  86  jl  291 1  24 

1  21 

60 

7  55 

6  47 

5  53 

5  11  4  36 

4  10  3  46  3  12 

2  44 

2  24  2  7 

1  55 

1  45 

1  38  1  30 

1  25 

1  22 

60 

62 

5  58 

5  15 :4  41 

4  15  3  51  3  16 

2  48 

2  26  2  10 

\   56 

1  48 

1  40  1  31 

1  26 

1  23 

6i 

64 

4  47 

4  21  3  56  3  20 

2  61 

2  28  2  12 

1  58 

1  48 

1  42  1  32 

1  27 

1  21 

64 

66 

3  59  3  24 

2  52 

2  3€ 

1  2  14 

2  0 

1  49 

1  43  |l  33 

1  29 

1  25 

6^ 
6H 

68 

3  27 

2  53 

2  33 

>  2  16 

2  2 

1  50 

1  43 

1  34 

1  29 

1  25 

70 

2  54  2  34  2  18 

2  3 

1  51 

1  43 

I  35 

1  29 

1  25 

7^ 

72 

2  36  2  19 

2  4 

1  52 

1  43 

1  35 

1  29 

I  25 

7^' 

74 

|2  19 

2  5 

1  53 

1  44 

1  36 

1  29 

1  25 

74 

76 

1 

1 

2  6 

1  54 

1  44 

1  36 

1  30 

1  25 

76 

78 

1  55 

1  45 

1  37 

1  30 

1  26 

80 

1  45 

I  37 

1  31 

126 

M 

82 

1  38 

1  31 

126 

82 

84 

1  32 

126 

M 

86 

1  27 

M 

6'' 

7* 

1  9^ 

I  9^ 

1  JO* 

U^ 

1  12* 

j  14** 

16* 

18* 

1  20* 

2a' 

24"* 

26» 

28« 

30* 

3r 

TABLE    36. 
Apparent  Distance,  54' 
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Apparent  Altitude  of  the  Sun  < 

or  Star. 

34** 

36<» 

38**  1  40° 

42^* 

44**     46° 

50** 

54" 

58"  1  62°    66°      70** 

74°  1  78° 

82° 

86° 

d's 

4  54 
4   13 
3  38 
3   14 
2  50 

5  12 

4  29 
3  51 
3  25 
3    0 

5  27 
4  42 
4     2 
3  35 
3  10 

5  42 
4  54 
4  12 
3  46 
3  19 

t  It 

5  58 
5     6 
4  24 
3  56 
3  27 

3     9 
2  49 
2  34 
2  22 
2  12 

>   » 

6  14 
5  18 
4  36 
4     6 
3  35 

6  28 
5  30 
4  46 
4  14 
3  42 

6  55 

5  53 

6  7 
4  35 
3  58 

7  21 
6  15 
5  28 
4  51 
4  14 

7  40 
6  42 

5  44  5  57 
5     6;5  17 
4  27  4  40 

/  // 

/  // 

/  // 

/  « 

/  II 

/  // 

Alt. 

6" 
7 
8 
9 
10 

2  35 
2  20 
2     9 
2     0 
1   53 

2  44 

2  28 
2  16 
2    6 
1  58 

2  51 
2  34 
2  22 
2  11 
2     2 

3     0 
2  42 
2  29 
2  17 
2     7 

3  16 
2  57 
2  41 
2  29 
2  18 

3  22 
3     2 
2  47 
2  34 
2  23 

3  37 
3  15 
2  59 
2  45 
2  33 

3  46 
3  27 
3  10 
2  54 
2  41 

4     2 
3  37' 
3  19 
3     2 
2  49 

4  12 
3  46 
3  27 
3  10 
2  56 

2  43 
2  33 
2  24 
2  15 
2     5 

3  56 
3  36 
3  18 
3     3 

11 
12 
13 
14 
15 

1  44 
1   40 
1   35 
1  31 
1   26 

1  48 
1  44 
1  40 
1  35 
1  30 

1  53 
1  48 
1  43 
1  38 
1  33 

1  59 
1  53 
1  47 
1  42 
1  35 

2     3 
1  56 
1  50 
1  45 

1  38 

2     9 
2     1 
1  54 
1  49 
1  42 

2  13 
2    4 
1  57 
1  51 
1  45 

2  22 
2  13 
2     4 
1  58 
1  51 

2  30 
2  21 
2  11 
2     4 
1  55 

2  37 
2  28 
2  18 
2  10 
2     0 

2  49 
2  39 
2  28 
2  20 
2  11 

2  54 
2  44 
2  33 
2  24 
2  16 

2  17 

16 
17 
18 
19 
20 

1   23 
1    19 
1    17 
1   15 
1    13 

1  26 
1  22 
1  20 
1  17 
1  15 

1  Z8 
1  24 
1  21 
1  19 
1  17 

1  32 
1  27 
1  24 
1  21 
1  20 

1  34 
1  29 
1  26 
1  22 
1  21 

1  36 
1  32 
1  29 
1  25 
1  23 

1  39] 
1  34 
1  30 
1  26 
1  24 

1  45 
1  40 
1  35 
1  31 

1  28 

1  51 
1  44 

1  39 
1  34 
1  31 

1  55  2     0 
1  48  |l  52 
1  43  1  48 
1  38  1  42 
1  34  1  38 

2     4 
1  57 
1  53 
1  46 
141 

2     8 
2     1 
1  55 
1  48 
1  44 

2  11 
2    3 
1  57 
1  50 
1  47 

1  53 

1  48 

1  44 

1  40 
1  36 
1  34 
1  31 

1  28 
1  26 
1  24 
121 
1  19 

1  15 
1   14 
1   13 
1   11 
1     9 

21 
22 
23 
24 
25 

1    12 
1    12 

1    12 
1    12 
1    11 

1  14 
1  14 
1  13 
1  13 
1  13 

1  16 
1  14 
1  13 
1  13 
1  11 

1  18  1  20 
1  16  1  18 
1  15  1  15 
1   14  1  14 
1  13  1   13 

1  22 
1  20 
1  17 
1  15 
1  15 

1  23 
1  21 
1  18 
1  16 
1  15 

1  26 
1  23 
1  22 
1  20 
1  18 

1  29 
1  26 
1  25 
1  23 
1  21 

1  31  ,1  35 
1  27  1  31 
1  2611  28 
1  24  1  26 
1  22  ;i  23 

1  38 
1  34 
1  30 
1  29 
1  26 

1  41 
1  37 
1  33 
1  31 
1  28 

1  42 
1  38 
1  34 
1  33 
1  30 

1  39 
1  35 
1  33 

26 
27 
28 
29 
30 

1    U 
1    10 
1    10 
1    10 
1    10 

1  12 
I   10 
1     9 
1     9 
1     8 

1  11 
1  10 
1     9 
1     8 
1     8 

1  12 
1   11 
1  11 
1     9 
1     9 

1  12 
1  12 
1  11 
1     9 
1     9 

1     7 
1     7 
1     7 
1     6 
1     6 

1     6 
1     5 
1     5 
1     5 
1     5 

1     5 
1     5 
1     5 
1     5 

1     7 

1  14 
1  13 
1   12 
1  11 
1  10 

1   14 
1  13 
1  12 
1   11 
1   10 

1   16 
1  15 
1   14 
1  13 
1  12 

1  19 
1  18 
1  16 
1   15 
1   13 

1  20 
1  19 
1  18 
1  16 
1  14 

1  21 
1  19 
1  18 
1  16 
1  14 

1  23 
1  22 
1  19 
1  16 
1  15 

1  25 
1  22 
1  21 
1  18 
I   17 

1  27 
1   24 
1  23 
1  20 
1  18 

1  30 
1  2S 
1  25 
1  22 
1  20 

1  29 
1  26 
1  23 
1  21 

31 
32 
33 
34 
35 

1   10 
1   10 
1    10 
1    10 
1    11 

1     9 
1     9 
1     9 
1     9 

1  10 

18   17 
1    8:i     7 
1    8il     7 
1     8    1     7 
18   17 

1     9 
1     8 
1     8 
1     7 

1     7 

1     9 
1     8 
1     8 
1     7 
1     6 

1   10 
1     9 
1     8 
1     7 
1     6 

1   11 
1  10 
1  10 
1     8 
1     7 

1   12 
1  11 
1  10 
1     9 
1     8 

1   12 
1  12 
1   11 
1  10 
1     8 

1  14 
1  12 
1  12 
1  10 
1     9 

1   15 
1  13 
1   12 
1   11 
1   10 

1  15 
1   13 
1   12 
1  11 
1     9 

1  18 
1  17 
1  15 
1  13 
1  11 

1  19 
1  18 
1  16 
1  13 
1  11 

36 
37 
38 
39 
40 

1    11  j 
1   11 
1   11 
1    11 
1   11 

1   10 
I  10 
1   10 
1  10 
1  10 

1     8 
1     8 
1     8 
1     8 
1     8 

1     7 
1     7 
1     7 
1     7 
1     7 

1     6 
1     5 
1     5 
1     5 
1     5 

1     5 
1     4 
1     3 
1     3 
1     3 

1     6 
1     6 
1     5 
1     4 
1     3 

1     6 
1     6 
1     5 
1     4 
1     3 

1     7 
1     6 
1     6 
1     5 
1     3 

1     7 
1     6 
1     5 
1     4 

1     3 

1     2 
1     0 
0  58 

0  58 
0  58 

0  57 
0  57 
0  56 
0  56 

1     7 
1    6 
1     5 
1     4 
1     3 

1     8 
1     7 
1     6 
1     5 
1     4 

1     8 
1     7 
1     6 
1     5 
1     4 

1     8 
1     7 
1     6 
1     5 
1     4 

1^  2 

1     8 
1     7 
1     6 
1     5 

41 
42 
43 
44 
46 

i    11 
1    12 
1    12 
1   13 
1   14 

1  10 

1  11 
1  11 
1  11 

1    12 

1     8 
1     8 
1     9 
1     9 
1  10 

1     7 
1     7 
1     7 
1     8 
1     9 

1     4 
1     4 
1     4 
1     4 
1     6 

1     3 
1     3 
1     2 
1     2 
1     3 

1     2 
1     2 
1     1 
1     1 
1     2 

1     2 
1     1 
1     0 
1     0 
1     0 

1     2 
1     0 
0  58 
'O  58 
0  58 

1     2 

I     1 

0  58 

0  58 
0  58 

1     3 
1     1 
0  59 
0  59 
0  58 

1     3 
1     1 
0  59 

48 
50 
52 
54 
56 

1    15 
L    16 
L    18' 
I    19  I 
1   20 

1   13 
1   14 
1   15 
1   16 
1    17 

1  10 
1  11 
1  12 
1  13 
1  14 

1  10 
1  11 
1  11 
1  11 
1  12 

1    8;i    5 

19  16 
1    9'1     7 
1917 
1    9, 1     7 

1     3 
1     4 
1     5 
1     6 
1     6 

1     2 
1     2 
1     3 
1     3 
1     3 

1     0 
1     1 
1     1 
1     1 
1     1 

0  58 
0  58 
0  58 
0  57 
0  57 

0  58 
0  58 

58 
60 
62 
64 
66 

I   20 
I    20 
I    21 
I   21 
L   21 

1   18 
1   18 
1    18 
1   18 
1   18 

1  14 
1  15 
1  15 
1  15 
1  15 

1  12 
1  12 
1  12 
1  12 
1  12 

1    9,1     8 
1  10, 1    8 
1  10^1     9 
1  11  1     9 
1  11  1    9 

1     6 
1     6 
1     6 

1     7 
1     7 

1     3 
1     3 
1     3 
1     4 
1     4 

1     1 
1     1 
1     1 

0  57 

68 
70 
72 
74 
76 

L   22 
L   22 
I    22 
L   23 
I   23 

1  19 
1   19 
1   19 
1  19 
1  20 

36** 

1  15 
1  15 
1  15 
1  15 
1  16 

1  13 
1  13 
1  13 
1  13 
1  13 

1  12 
1  12 
1  12 
1  12 

.1   10 
1  10 
1  11 

1    7 
1    7 

78 
80 
82 
84 
86 

34° 

38<> 

40** 

42* 

144- 

46'* 

50*^ 

54** 

58° 

62° 

66° 

• 

70° 

74° 

78" 

82° 

86° 

272                     TABLE  86. 

Apparent  Distance,  58* 

Apparent  Altitude  of  the  Sun  or  Star. 

«'• 

6'  1  7«   8^ 

90 

lo^  w 

120 

14° 

16«> 

18** 

200 

22° 

240   260  j  280,  30*  32* 

I- 

Alt.  1 

/  /f  1  /  * 

/  if- 

/  H 

1  tt  i  t  t 

/  It 

'  #» 

/  // 

t  *f 

/  m 

/  » 

/  *r 

'   "  \*  "{*  "  i'  " 

All 

6M  17!l  18 

1  20 

1  25 

1  30  1  37 

1  44 

1  58 

2  14 

2  31 

2  48 

3  5 

3  21 

3  39  3  57  4  14  4  SO 

t^ 

7 

1  18  1  17 

1  18 

1  20 

1  24  1  28 

1  33 

1  44 

1  57 

2  11 

2  25 

2  39 

2  53 

3  8  3  24  3  38  3  52 

• 

4 

8 

1  23 

1  19 

I  17 

1  19 

1  22  1  24 

1  27 

1  38 

1  47 

1  56 

2  7 

2  19 

2  31 

2  44  2  56  3  8  3  20 

fit 

9 

1  29 

1  23 

1  20 

1  18  !l  19  1  21 

1  24 

1  29 

1  37 

1  45 

1  55 

2  5 

2  16 

2  27  >  38:2  48  2  59 

5 

10 

1  36 

1  28 

1  22 

1  20 

1  18 
.1  19 

1  20 

1  22 

1  26 ! 1  32 

1  38 

1  46 

1  55 

2  3 

2  13 

|2  23  2  Z\ 
.2  11  2  2( 

I   2  41 

!» 

U 

1  43 

1  33 

1  26 

1  22 

1  19 

1  20 

1  23 

1  28 

1  33 

1  39 

1  47 

1  54 

2  2 

[)  2  27 

i: 

12 

1  61 

1  39 

1  31 

1  25  !l  21  1  20 

1  19 

1  22 

1  25 

1  29 

1  34 

1  40 

1  46 

1  5312  l!2  8  2  15 

i; 

13 

1  58 

1  45 

1  35 

1  29  ,1  24  1  21 

1  19 

1  20 

1  23 

1  27 

1  30 

1  36 

1  41 

1  47 

1  53  1  59  2  € 

13 

14 

2  6 

1  51 

1  39 

1  33  1  26  1  23 

1  21 

1  18 

1  21 

1  24 

1  26 

1  32 

1  36 

1  41 

1  46  1  51 !  1  57 

11 

15 

2  15 

1  58 

1  44 

1  37  1  31  1  27 

1  24 

1  19 

1  19 

1  21 

1  23 

1  27 

1  31 

1  36 

1  41  1  45  1  49 

16 

2  23 

2  4 

1  50 

1  42  1  35  1  30 

1  26 

1  20 

1  18 

1  19 

1  20 

1  22 

1  25 

I  29 

1  34,  1  38  1  42 

H 

17 

2  31 

2  10 

1  56 

1  46  1  39  1  34 

1  28 

1  21 

1  18 

1  18 

1  19 

1  20 

1  22 

1  26 

1  30  1  34  1  38 

ir 

18 

2  39 

2  17 

2  1 

1  51  jl  43  1  37 

1  31 

1  23 

1  19 

1  17 

1  18 

1  19 

1  20 

I  23 

1  27  1  30 . 1  33 

H 

19 

2  48 

2  24 

2  7 

1  56  ,1  47  1  40 

1  34 

1  25 

1  20 

1  18 

1  17 

1  18 

1  19 

1  21 

1  24|  1  27  1  30 

19 

20 

2  56 

2  31 

2  13 

2  1  1  51'  1  43 

1  36 

1  26 

1  21 

1  19 

1  16 

1  17 

1  18 

1  19 

1  22  1  24  I  26 

20 

21 

3  5 

2  39 

2  19.2  6  1  55  1  47 

1  39 

1  29 

1  22 

1  20 

1  17 

1  16 

1  17  1  18 

1  20,  I  22  , 1  25 

2\ 

22 

3  14 

2  46 

2  25 

2  11  1  59  1  50 

1  42 

1  31 

1  24 

1  21 

1  18 

1  15 

1  16  1  17 

1  18  1  20i 1  22 

22 

23 

3  22 

2  53 

2  31 

2  16  2  3  1  53 

1  45 

1  33 

1  26 

1  22 

1  19 

1  16 

1  16; 1  16 

1  17  1  19 

1  21 

23 

24 

3  31 

3  1 

2  38 

2  21  2  7, 1  57 

1  49 

1  36 

1  28 

1  23 

1  20 

1  17 

1  15 

1  16 

1  17  1  18 

1  20 

24 

25  l3  40 

3  8 

2  44 

2  27  2  11 
2  32  2  17 

2  1 

1  52 

1  38 

1  30 

1  24 

I  21 

1  17 

1  15 

1  16 

1  16  1  17 

1  18 

23 

26 

3  49 1 3  16 

2  50 

2  5 

1  56 

1  41 

1  32 

1  26 

1  22 

1  18 

1  16:1  16 

1  16  1  16 

1  17 

26 

27 

3  58 

3  24 

2  57 

2  38  2  22 

2  10 

2  0 

1  44 

1  35 

1  28 

1  23 

1  19 

1  16 

1  15 

1  16 

1  15 

1  16 

2: 

28 

4  6 

3  31 

3  3 

2  44  2  27 

2  14 

2  4 

1  49 

1  37 

1  30 

1  24 

1  20 

1  17 

1  15 

1  15 

1  15 

1  15 

2.* 

29 

4  14 

3  38 

3  9 

2  49  2  31 

2  18 

2  7 

1  50 

1  39 

1  31 

1  25 

1  21 

1  17 

1  15 

1  15 

1  15 

1  14 

29 

30 
31 

4  22 
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441 

38( 

*•! 

3*1 


21 1 


12.2 
17  2 
15  2 
19  2 
19  2 


—      K 


19 1 


171 

III 
18 


2 

2  19 
•2  2i 
12  21 

2  22 


22S 
2  24 
2  23 
2  2fi 
2  27 


32  2  28 

S3  2  29 

34  2  38 

38  2  31 

37  2  32 


2  34 
48  2  3S 
41  2  38 
43  2  37 
48  2  48 


45  2  42 

31  2  44 

34  2  47 

38  2  4B 
37 


24)4 

27  is 
21 

9 


f3 

3 


3 
t 

2 
34  }2 


89 
81 
44 


484  33 
8i4tl 
4813 


sit  3 

W{3_ 


8J3  14 
87^3  4 
88(298 
43  2  48 
38^8  43 


28231^239 
28  51  Sl'2  35 
2612  29\23t 

249  26)229 
22^24  2  27 


219  Cft» 
289  22  2  91 
19(2  21)2  21 
18:2  20l2S 
189  19  2  11 


183  192  21 

18  3  19: 2  89 

19  2  19!2  2i 
289  19^2  19 
282  1912  19 


212  2912  19 

22  2  2112  29 

23  2  21|2  89 

24  2  2212  21 
23223I22I 


4- 


232  23{222 
28  2  24  2  22 
27  2  23<2  S 
8828^221 
»22r82S 


382  27^223 
31  2  88*2  21 
322  29|888 
332  3a!2  27 
33  2  3112  2S 


37  2  33^2  29 
39  2  34' 


53  3» 


u 


21   2? 


3: 


TABLB    86. 

ArPAMNT  DUTANCK,   lOS" 


S8S 


Apparent  Altitude  of  the  Sun  or  Star. 

340  1  36«  1  38<>  1  40O 

420 

6  21 
5  36 
5  3 
4  37 
4  17 

44» 

460 

50® 

540 

580 

62® 

66O 

70« 

74* 

78® 

82« 

86°  1 

([•• 

/  0 

»  5  25 
4  48 
4  22 
4  0 
3  44 

5  39 
5  1 
4  33 
4  10 
3  52 

/  m 

5  54 
5  13 
4  43 
4  20 
4  1 

6  8 
5  24 
4  53 
4  29 
4  9 

6  34 
5  47 
5  13 
4  46 
4  25 

6  47 
5  58 
5  22 
4  54 
4  32 

/  it 

7  U 
6  19 
5  41 
5  10 

4  46 

7  32 
6  39 
5  59 
5  25 
5  0 

t  it 

7  53 
6  57 
6  14 
5  39 
5  12 

8  12 
7  12 
6  27 
5  51 
5  23 

8  27 
7  26 
6  39 
6  2 
5  33 

8  41 
7  38 
6  50 

/  0 

t  it 

/  » 

/  » 

Alt. 

6« 
7 
8 
9 
10 

13  30 
3  18 
3  8 
3  0 

12  53 

3  38 

3  25 
3  15 
3  6 
2  59 

3  45 

3  32 
3  21 
3  12 
3  4 

3  52 
3  39 
3  27 
3  17 
3  9 

3  59 
3  45 
3  33 
3  23 
3  14 

4  6 
3  52 
3  39 
3  29 
3  19 

4  13 
3  58 
3  45 
3  34 
3  24 

4  26 
4  10 
3  56 
3  44 
3  33 

4  38 
4  21 
4  6 
3  53 
3  42 

4  49 
4  31 
4  15 
4  2 
3  50 

3  40 

3  31 
3  23 
3  16 
3  10 

5  0 
4  40 
4  23 
4  10 
3  57 

5  9 
4  49 

11 
12 
13 
14 
15 

2  48 
2  44 

2  40 
2  36 

:2  33 

8  53 
8  48 
2  43 
2  39 
2  36 

2  57 
2  52 
2  47 
2  43 
2  40 

3  2 
2  56 
2  51 
2  47 
2  43 

3  7 
3  1 
2  55 

2  50 
2  46 

3  12 
3  5 

2  59 
2  54 
2  49 

3  16 
3  9 
3  3 
2  57 
2  52 

3  24 
3  16 
3  10 
3  3 
2  59 

3  32 
3  24 
3  17 
3  10 
3  5 

3  47 

16 
17 
18 
19 
20 

,2  31 
2  29 
2  27 
2  26 

,2  24 

2  34 

2  31 
2  29 
2  28 
2  26 

2  37 
2  34 

2  32 
2  SO 
2  28 

2  40 
2  37 
2  34 
2  32 
2  30 

2  43 
2  40 
2  37 
2  34 
2  32 

2  30 
2  29 
2  28 
2  27 
2  26 

2  45 
2  42 
2  39 

2  37 
2  35 

2  48 
2  45 
2  42 
2  39 
2  37 

2  54 
2  50 

2  47 
2  44 
2  41 

3  0 
2  55 
2  51 
2  48 

21 
22 
23 
24 
25 

2  23 
2  22 
2  22 
2  21 
2  21 

2  25 
2  24 
2  23 
2  22 
2  22 

2  26 

2  25 
2  24 
2  23 

2  23 

2  28 
2  27 
2  26 
2  25 
2  24 

2  33 
2  31 
2  29 
2  28 
2  27 

2  35 
2  33 
2  31 
2  29 
2  28 

2  39 
2  36 
2  24 

26 
27 
28 
29 
30 

2  20 
2  20 
2  19 
2  19 
2  20 

2  21 
2  21 
2  20 
2  20 
2  20 

2  22 
2  22 
2  21 
2  21 
2  20 

2  23 
2  23 
2  22 
2  22 
2  21 

2  25 

2  24 
2  23 
2  22 
2  22 

2  26 
2  25 
2  24 

2  23 

2  27 
2  26 

31 
32 
33 
34 

35 

2  20 
2  20 
2  21 
2  21 
2  22 

2  20 
2  20 
2  20 
2  21 
2  21 

2  20 
2  20 
2  20 
2  21 
2  21 

2  21 
2  21 
2  21 

2  22 

1 

• 

36 
37 
38 
39 

40 

2  22 
2  22 
2  22 
2  22 

2  21 
2  21 

• 

41 
42 
43 
44 

46 

48 
50 
52 
54 
56 

58 
60 
62 
64 
66 

1 

68 
70 
72 

74 
76 

78 
80 
82 
84 
86 

A 


296 


TABLE    S6. 
Afpaexnt  Dibtancs,    106* 


Apparent  Altitude  of  the  Sun  or  Star. 


AJt. 


6' 


7°  {  8°  !  9°  .  10' 


ir 


12?  I  w 


160 


18* 


200 


6 
7 
8 
9 
10 


11 
12 
15 
14 

lb 


2  2s' 

2  28, 

2  3r 

2  35 
2  41 


2  27 

2  25 
2  27 
2  30 
2  34 


2 
2 
2 
2 
2 


30  2 
27  2 
2S  2 
27  2 
30  2 


34  2 
30  2 
27.;2 
2«  2 
27.2 


38  2  44 
35  2  37 
292  32 
27  2  29 
26(2  27 


2 
2 
2 

2 
2 


50  3  3 
43  2  52 
36,2  43 
32  i  2  37 
29i2  33 


3  18 
3  3 
2  52 
2  44 
2  39 


2  47 

2  53 

3  0 
3  7: 
3  14. 


2 
2 
2 
2 
2 


39  2 

44  I  2 
49!2 
5412 
59;  2 


33 
37 
41 
45 
50 


16 

3  22. 

17 

3  29 

18 

5  37 

19 

3  44 

20 

3  52 

3  512 
3  11 1  3 
3  18  3 
3  2513 
3  3i;3 


55 
0 
5  2 


2 

2 
2 
2 
t_ 

2 
2 


29  2 
32  2 
35 '2 
38  2 
42  2 


2712 


29t 
31 

341 


57  2 


2 
2 
2 


26 
27 
29 
31 
33 


11 
16 


2 
3 


46  2 
50*2 
54  2 
59  2 
4  2 


40| 
43 


47  2 


51 
55 


36 
39 
41 
45 
48 


2712  31 
26^2  29 
27!  2  28 


29 
31 


33 
36 
38 
40 
43 


2  27 
2  28 


2  29 

2  31 
2  33 
2  34 
2  36 


2  35 
2  3312 
2  31 


2  2912 
2  28 


2  27 
2  28 
2  29 
2  30 
2  32 


2 
2 
2 

2 


1  33 

1  16 
)  3 

2  53 
2  46 


5  49 
3  29 
3  14 
3  2 
2  53 


40 
37 


2  34 


2 
2 

2 


32  2 
30  2 


29 
28 
27 
28 
29 


47 
42 
38 
35 
33 


2 
2 

2 
2 
2 


31 
30 
29 
28 
27 


41 
42 
43 
44 
46 


48 
'50 
52 
54 
56 


58 
60 
62 
64 
66 


68 
70 
72 
74 
_76 

78 
80 
82 
84 
86 


21 

4  0 

3  58 

5  22 

22 

4  8 

5  44 

3  28j 

23 

4  16 

5  51 

5  33 

24 

4  24 

5  57 

3  39 

25 

4  32 

4  4 

3  45 

46 
49 
52 
55 
59 


2  58 
2  40 
2  43 
2  45 
2  47 


2  35 
2  35 
2  37 
2  38 
2  40 


2 
2 
2 

2 


301 
31 
35 
34 
35 


2 
2 
2 
2 
2 


28 
29 
50 
51 
32 


26 

4  39 

4  11 

3  50 

27 

4  47 

4  18 

3  56 

28 

4  55 

4  24  4  2 

29 

5  3 

4  30  4  8 

30 

5  11 

4  37 

4  141 

32  3  20 


38 
43 
48 
55 


6 
6 
6 
6 

7 


30 
57 
44 
51 
4 


5 
5 


25 
29 


54  5 
58^5 


10 
14 
18 
22 
26 


5 
3 
3 
3 
3 


2 

5 

9 

12 

16 


2  49 
2  52 
2  54 

2  57 

3  0 


2  42 
2  44 

2  46 
2  48 
2  50 


2 
2 
2 
2 


37 

38 
40 
41 

451 


28.2  29 

28  2  29 
28  2  28 


29 


2  28 


50  2  28 


2  51  ;2 
2  SO  2 
2  29^ 
2  29,2 
228|2 


3512 
32  2 
3ll2 


35 
54  <  2 
56  2 


51 
52 
55 
54 
55 


2  29 
2  30 
2  31 
2  52 
2  52 


2  28;2 
2  29  2 
2  29 '2 
2  50  > 
2  50  2 


30,2 
29.2^ 

29.2 
29  2 
29,2 
29  2 
29  2 


35 
34 
35 
32 
31 

31 
30 
30 
30 
29 


7 
7 
7 
7 
8 


16 
28 
39 
50 
0 


8  10 
8  19 
8  28 
8  56 
8  44 


5  46 
5  51 

5  57 

6  5 
6  14 


15 
18 
25 

28 
58 


5 
5 


47 

51 

56 

0 

9 


6  24 
6  55 
6  45 

6  55 

7  4 


7 
7 
7 
7 
7 


12 
21 
28 
35 
59 


8  51 


5  48 

5  57 

6  6 
6  14 
6  22 


6  50 
6  57 
6  45 
6  49 
6  55 


I  6* 


8' 


17 
25 
55 
40 
47 


5 
6 
6 
6 


54 
0 
6 

12 


2614  9 
50  4  12 
5414  16 
58  4  19 


4  46: 4  27 


5 
5 

4 
4 
4 


55 

59 

2 


5  52 
5  35 
3  58 
5  5  41 
12 '  5  46 


55  4 
0 
7 

20  4 


54 
4  40 
4  46 
4  52 


58 


4 
4 

4 
4 
4 


18  5  51 
24.5  56 
4  0 
4  5 
4  9 


50 
55 
40 


26  5 
52.5 
57 


7|5  15 


4  45 

4  49 

4  55 

4  15 
4  17 


9' 


10' 


11°  I  12"  I  14' 


5 
5 
5 
5 
5 


16 
18 
21 
25 
27 


5 
5 
5 
5 
5 


52 
36 
40 
44 

48 


5 
5 
5 
5 


4 
6 


2  56 

2  57 

8|2  59 

10  5  0 

14*5  4 


5 
5 
5 
5 


18  5 
22  5 
26  5 
29  5 

52 


7 

10 
15 
15 


2  49 
2  50 
2  52 
2  55 
2  56 


2  44 

2  45 
2  46 
2  47 
2  50 


2  59 
5  2 
5  4 


2  55 
2  55 


5  52 


16' 


2  40  ;2 
2  41:2 
2  42*2 
2  4512 
2  45'« 


2  47 


57  2 
38,2 

39  2 

40  2 
411 


55 
56 
56 
57 


58 

36 

35 
34 

32 
31 
31 
30 
SO 

30 
30 
30 
30 

11 
31 
32 
32 
33 
S3 

U 
34 


18".  20"  I  22 


24* 


21 
K 
23 
«4 

25_ 

SC 
2; 
0 
29 

^ 

31 

32 

S 

34 

^ 

ss 

55 

il 

41 
42 
41 
44 
^ 

4^ 
50 
5i 
M 

IT 
& 

64 

61 

ro 
n 

?4 
> 

T 

w 

hi 

^^ 


26"  I  28",  30"  ;  32'  \ 


TABLE    86. 
Apfaksnt  Distance,  106' 
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Apparent  Altitude  of  the  Sun  < 

or  Star. 

34'* 

360 

38*  1  40° 

42** 

44* 

46* 

50* 

54* 

58* 

62* 

66* 

70* 

74*  78* 

82* 

86* 

(['s 

5  38 
5  2 
4  34 
4  11 
3  54 

/  H 

5  52 
5  14 
4  45 
4  21 
4  3 

6  7 

5  27 
4  56 
4  31 
4  12 

/  If 

6  21  ( 
5  38  J 
5  6  . 
4  41  ' 
4  21 

#  1* 

5  36 
S  50 
^  16 
1  50 

4  29 

6  49 
6  1 
5  26 
4  59 
4  37 

/  M 

7  2 
6  13 
5  36 
5  7 
4  45 

/  // 

7  26 
6  34 
5  55 
5  23 
4  59 

/  // 

7  48 
6  54 
6  14 
5  38 
5  13 

/  // 

8  8 
7  12 
6  29 
5  53 
5  25 

t  It 

B  27 
7  27 
6  42 
6  3 
5  37 

/  // 

8  44 
7  40 
6  53 

/  // 

/  /if 

9    1* 

/  tf 

/  // 

Alt. 

6" 
7 
8 
9 
10 

3  40 

3  28 
3  18 
3  10 
3  3 

3  48 
3  35 
3  25 
3  16 
3  9 

3  56  4  4  4  11 
3  42  3  50  3  57 
3  31 13  38 '3  45 
3  22  3  28  3  34 
3  14  3  20  3  25 

4  18 
4  4 

3  51 
3  40 
3  30 

4  26 

4  11 
3  57 
3  45 
3  35 

4  39 
4  23 
4  8 
3  56 
3  45 

4  51 
4  35 
4  19 
4  5 
3  54 

5  3  5  13 
4  45  4  53 
4  28 
4  14 
4  2 

11 
12 
13 
14 
15 

2  58 
2  53 
2  49 
2  46 
2  43 

3  3; 

2  58 
2  54' 
2  50 
2  47 

3  8  3  13  3  17 
3  2  3  73  11 
2  58  3  2  3  6 
2  54  :  2  58  3  1 
2  50  2  54  2  57 

3  22 
3  15 
3  9 
3  4 
3  0 

3  27 
3  20 
3  14 
3  8 
3  3 

3  36 
3  28 
3  21 
3  15 
3  10 

3  44 
3  36 
3  28 
3  22 
3  16 

3  51 

16 
17 
18 
19 
20 

2  41 
2  39 
2  37 
2  36 
2  34 

2  44 

2  42 
2  40 
2  38 
2  36 

2  47  2  50 
2  44; 2  47 
2  42  2  44 
2  40  2  42 
2  38  2  40 

2  53 

2  50 
2  47 
2  45 
2  43 

2  41 
2  39 
2  38 
2  37 
2  36 

2  56 
2  53 
2  50 
2  47 
2  45 

2  59 
2  56 
2  53 
2  50 
2  47 

3  6 
3  2 
2  58 
2  55 

21 
22 
23 
24 
25 

2  33 
2  32 
2  32 
2  31 
2  31 

2  35 
2  34 
2  33 
2  32 
2  32 

2  37 
2  36 
2  35 
2  34 
2  33 

2  39 
2  38 
2  36 
2  35 
2  34 

2  43 
2  41 
2  40 
2  38 
2  37 

2  45 
2  43 
2  41 

26 
27 
28 
29 
30 

2  30 
2  30 
2  30 
2  30 
2  30 

2  31 
2  31 
2  30 
2  30 
2  30 

2  32 
2  32 
2  31 
2  31 
2  31 

2  33 
2  33 
2  32 
2  32 

2  35 
2  34 

31 
32 
33 
34 
35 

2  30 
2  31 
2  31 
2  32 
2  32 

2  30 
2  30 
2  31 

2  31 

■ 

36' 

37 

38 

39 

40 

• 

41 
42 
43 
44 
46 

48 
50 
52 
54 
56 

* 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

78 

80 
82 
84 
86 

S96 


TABLE   86. 
Affascn*  DiacANci,  110^ 


Apparent  AMtad*  of  the  Son  or  Star. 


<'i 

6* 

r 

80 

90 

10^ 

11« 

12«  14° 

16" 

18» 

200 

tap 

240 

W 

W  3©* 

3f<^ 

{ 

Alt. 

6^ 
7 
8 
9 
10 

2  35 
2  37 
2  41 
2  45 
2  51 

0  0 

2  37 
2  35 
2  37 
2  40 
2  44 

;  k 

2  40 
2  37 

2  35 
2  37 
2  40 

2  44 

2  40 
2  37 
2  36 
2  38 

t  a 

1  49 

2  44 
8  40 
2  38 

2  36 

9  0 

2  55 
2  48 
2  43 
2  40 

2  38 

8  1 
2  53 
2  47 
2  43 
2  40 

8  15 
8  3 
2  54 
8  48 
2  44 

9    m 

3  80 
3  15 
3  3 

8  55 
2  49 

S  45 
S  27 
S  14 
S  3 
8  56 

4  1 

3  40 
3  25 
3  IS 
3  4 

4  17 
3  53 

3  36 
3  23 
3  13 

4  33 

4  7 
3  48 
3  34 
3  22 

4  49 
4  21 
4  0 
3  44 

3  81 

9  »    9  » 

6  5  8  81 
4  34  4  47 

4  12  4  23 
3  M  4  4 
3  40  9  48 

5  37 

»  1 
4  35 

4  14 

3  58 

i 

11 
12 
13 
14 
15 

2  57 

3  4 
3  11 
3  18 
3  25 

2  49 
2  54 

2  59 

3  4 

3  10 

2  43 

2  47 
2  51 

2  55 

3  0 

2  40 
2  43 
2  46 

2  49 
2  53 

2  38 
2  40 
2  42 
2  45 
2  48 

2  37 
2  38 
2  40 
2  42 
2  44 

2  38 
2  37 
2  38 

2  40 
2  42 

2  41 
2  39 
2  38 

2  38 
2  39 

2  45 
2  43 
2  41 
2  39 
2  39 

2  51 
2  47 
2  44 
2  42 

2  41 

2  58 
2  53 
2  49 
2  46 
2  44 

8  5 
2  69 
2  54 
2  50 
2  47 

8  13 
S  6 
3  0 
2  55 
8  51 

3  21 
3  13 
8  6 
8  0 
2  55 

3  89^S  37 
S  MS  S7 
8  IflS  18 
3  5  1  11 

8  MS  8 

3  45 
3  34 
!3  24 
3  16 
3  10 

16 
17 
18 
19 
20 

3  33 
3  41 
3  49 

3  56 

4  4 

3  16 
3  83 
3  29 
3  36 
3  42 

3  5 
3  10 
3  15 
3  21 
3  27 

2  57 

3  1 
3  5 
3  10 
3  15 

2  51 
2  54 

2  57 

3  1 
3  5 

2  46 
2  49 
2  52 
2  55 
2  58 

2  43 

2  46 
2  48 
2  51 
2  53 

2  40 
2  42 
2  43 
2  45 
2  47 

2  38 
2  39 
2  40 
2  41 
2  43 

2  40 

2  39 
2  38 
2  39 
2  40 

2  42 
2  40 
2  39 
838 
2  38 

2  45 
2  43 
2  41 
2  40 
2  39 

2  48 
2  45 
8  43 
2  42 
2  41 

2  61 
2  48 
2  46 
2  44 
2  43 

8  56 
8  52 
2  49 

2  47 
8  45 

S  0 

8  56 
8  53 

2  50 
2  48 

2  46 

2  45 
2  44 

2  43 
2  42 

3  4 
3  0 
2  57 
2  54 

2  51 

21 
22 
23 
24 
25 

4  12 
4  20 
4  28 
4  36 
4  45 

3  49 

3  56 

4  3 
4  9 
4  16 

3  33 
3  39 
3  45 
3  51 
3  57 

3  19 
3  24 

3  29 
3  34 

3  40 

3  9 
3  14 
3  18 
3  22 
3  27 

3  2 
3  5 

3  9 
3  13 
3  17 

2  56 

3  0 
3  3 
3  6 
3  9 

3  13 
3  16 
3  20 
3  24 
3  28 

2  49 
2  51 
2  53 
2  55 

2  58 

2  44 
2  46 
2  47 

2  49 
2  50 

2  41 
2  42 
2  43 
2  44 

2  46 

2  39 
2  40 
2  41 
2  42 

2  43 

2  39 
2  39 
2  39 
2  40 
2  41 

2  40' 
2  40 
2  39 
8  39 
2  39 

2  42 
2  41 
2  40 
2  40 
2  39 

^44 
8  43 
2  42 
2  41 
2  40 

2  49 
2  47 
2  46 
2  45 

2  44 

i 
i 

1 

i 

\ 
i 

\ 

26 
27 
28 
29 
30 

4  53 

5  1 
5  9 
5  17 
5  25 

4  23 
4  31 
4  37 
4  44 
4  50 

4  3 
4  9 
4  15 
4  21 
4  27 

3  45 
3  50 

3  55 

4  0 
4  5 

3  32 
3  36 
3  41 
3  46 
3  50 

3  21 
3  25 
3  30 
3  34 
3  38 

3  0 
3  3 
3  5 
3  8 
3  11 

2  52 
2  54 

2  57 

2  59 

3  1 

2  47 
2  49 
2  51 
2  52 
2  54 

2  44 
2  45 
2  47 

2  48 
2  50 

2  42 
2  43 
2  44 

2  45 
2  46 

2  40 
2  40 

2  41 
2  42 
2  43 

2  39 
2  40 
2  40 
2  41 
2  41 

8  40;  2  41 
f  89  8  40 
2  39  8  49 
8  40  2  40 
2  40  2  40 

12  43 
2  42 
2  41 
2  41 
2  41 

31 
32 
33 
34 
35 

5  33 
5  40 
5  48 

5  56 

6  3 

4  57 

5  4 
5  11 
5  17 
5  24 

4  33 
4  39 
4  44 

4  49 
4  55 

4  10 
4  15 
4  21 
4  26 
4  31 

3  55 

3  59 

4  4 

4  8 
4  13 

3  42 
3  47 
3  51 
3  54 

3  58 

3  32 
3  35 
3  39 
3  43 
3  46 

3  14 
3  17 
3  20 
3  23 
3  26 

3  3 
3  6 
3  8 
3  11 
3  13 

2  56 

2  58 

3  0 
3  2 
3  4 

2  51 
2  52 
2  54 
2  56 
2  57 

2  47 
2  48 
2  49 
2  51 
2  52 

2  44 

2  45 
2  46 
2  47 
2  49 

2  42 

2  43 
2  44 
2  45 
2  46 

2  41  2  40 
2  48  2  41 
2  42  2  41 
2  43  2  42 
2  44  2  43 

2  41 
2  41 
2  41 
2  42 
2  42 

36 
37 
38 
39 
40 

6  11 
6  18 
6  25 
6  32 
6  39 

5  30 
5  37 
5  43 
5  49 
5  55 

5  1 
5  6 
5  11 
5  17 
5  22 

4  36 
4  41 
4  46 
4  51 
4  56 

4  17 
4  21 
4  26 
4  30 
4  34 

4  2 
4  6 
4  10 
4  14 

4  18 

3  49 
3  53 

3  57 

4  1 
4  4 

3  29 
3  32 
3  35 
3  38 
3  41 

3  15 
3  18 
3  20 
3  23 
3  26 

3  6 
3  8 
3  10 
3  12 
3  14 

2  59 

3  1 
3  3 
3  4 
3  6 

2  54 
2  55 
2  57 

2  58 

3  0 

2  50 
2  51 
2  52 
2  53 
2  55 

2  47 

2  48 
2  49 

2  50 

2  51 1 

2  45  2  43 
2  46  2  44 

2  47  2  45 
2  48  2  46 
2  49  2  47 

2  43 
2  43 
2  44 

1 

41 
42 
43 
44 

46 

6  46 

6  53 

7  0 
7  7 
7  20 

6  1 
6  6 
6  12 
6  18 
6  30 

5  27 
5  32 
5  38 
5  43 
5  54 

5  1 
5  5 
5  10 
5  15 
5  24 

A  89 
4  43 
4  47 

4  51 

5  0 

4  21 
4  25 
4  29 
4  83 
4  40 

4  8 
4  11 
4  15 
4  18 
4  25 

3  44  3  28 
3  47  3  31 
3  50  3  33 
3  53  3  35 
3  58  3  40 

3  16 
3  18 
3  20 
3  22 
3  26 

3  7 
3  9 
3  11 
3  12 
3  16 

3  1 
3  3 
3  4 
3  5 
3  8 

2  56 
2  57 
2  58 

2  59 

3  4 

2  52 
2  53 
2  54 
2  55 

2  49, 
2  50 

\ 
J 

48 
50 
52 
54 
56 

7  33 
7  45 

7  57 

8  8 
8  19 

6  40 

6  50 

7  0 
7  10 
7  19 

6  4 
6  13 
6  21 
6  30 
6  38 

5  32 
5  40 
5  48 

5  56 

6  3 

5  8 
5  15 
5  22 
5  29 
5  85 

4  48 

4  54 

5  0 
5  7 
5  13 

4  31 
4  37 
4  43 
4  49 
4  54 

4  4 

4  9 
4  14 
4  19 
4  23 

3  45 
3  50 
3  54 
3  57 

3  31 
3  35 
3  39 

3  19 
3  23 

3  11 

4 

( 

1 

1 

1 
1 

1 

( 

1 
1 
( 

1 

58 
60 
62 
64 
66 

8  29 
8  39 
8  47 
8  55 

7  29 
7  38 
7  46 

6  46 
6  53 
6  59 

6  10 
6  16 

5  41 
5  47 

5  19 

4  59 

1 

\ 

1 

68 
70 
72 
74 
76 

1 

78 
80 
82 
84 
86 

. 

1 

1 

1 

r» 

>• 

8» 

9« 

1  10« 

\  IP 

(  12» 

14« 

16» 

18« 

\  20» 

t2* 

240 

126° 

28« 

.30<» 

32<' 

TABLE    36. 
ArPAKSNT  Distance,  110' 
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Apparent  Altitude  of  the  Sun  or  Star. 

34° 

36«  1  38**  40® 

42' 

44° 

46' 

50' 

54' 

58' 

62° 

66' 

70' 

74' 

78' 

82° 

86' 

d's 

/  $1 

5  52 
5  14 
4  47 
4  25 
4  7 

6  8 
5  27 
4  58 
4  35 
4  16 

6  23 
6  40 
6  9 
4  45 
4  25 

'  ft 

6  37 
6  63 
5  20 
4  64 
4  33 

6  52 
6  5 

5  30 

6  4 
4  42 

/  M 

7  6 
6  17 

5  41 

6  13 
4  51 

7  19 
6  29 
6  52 
5  23 
4  59 

7  43 
6  51 
6  12 
5  39 
5  14 

8  7 
7  11 
6  30 
5  54 
5  29 

/  // 

8  28 
7  29 
6  46 
6  9 
5  41 

8  46 
7  45 
6  59 

/  It 

/  h 

/  // 

t  n 

/  n 

/   // 

Alt. 

'  6« 

7 

8 

9 

10 

3  53 
3  41 
3  31 
3  22 
3  14 

4  1 
3  48 
3  37 
3  28 
3  20 

4  9 
3  65 
3  43 
3  34 
3  26 

4  16  4  24 
4  2  4  10 
3  61  '3  57 
3  40  3  46 
3  31  3  37 

4  32 
4  17 
4  4 
3  52 
3  43 

4  40 
4  24 
4  10 
3  59 
3  49 

4  54 
4  37 
4  22 
4  10 
3  59 

6  6 

4  49 
4  33 
4  19 
4  7 

5  17 
4  68 

11 
12 
13 
14 
15 

3  9 
3  4 
3  0 
2  57 
2  55 

3  14,3  19 
3  913  13 
3  6I3  9 
3  1  a  6 
2  58. 3  2 

3  24  3  30 
3  18  3  23 
3  13  3  18 
3  93  13 
3  5  3  9 

3  36 
3  28 
8  22 
8  17 
3  13 

3  40 
3  33 
3  27 
3  21 
3  16 

3  50 
3  42 
3  35 
3  28 
3  22 

3  67 

4 

16 
17 
18 
19 
20 

2  52 
2  50 
2  49 
2  47 
2  46 

2  56  2  59  3  2  3  5 
2  54  ,  2  56  2  69  3  2 
2  52  2  54  2  56  2  69 
2  50  1 2  52 !  2  54  2  57 
2  48  I  2  60  ,  2  62  2  55 

3  9 
3  6 
3  2 
3  0 
2  57 

3  12 
3  8 
3  6 
3  2 

• 

21 
22 
23 
24 
25 

2  45 
2  44 
2  43 
2  42 
2  42 

2  47 
2  46 
2  45 
2  44 
2  43 

2  49  2  61 
2  48  2  50 
2  47  2  48 
2  46  2  47 
2  45! 2  46 

2  53 
2  51 
2  50 

2  55 

26 
27 
28 
29 
30 

2  42 
2  42 
2  42 
2  42 
2  42 

2  43 
2  43 
2  42 
2  42 

2  44 
2  44 

■ 

31 
32 
33 
34 
35 

2  42 

, 

36 
37 
38 
39 
40 

41 
42 
43 
44 

46 

48 
50 
52 
54 
56 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

• 

62' 

78 
80 

82 
84 
86 

34<> 

36' 

38® 

40' 

42' 

,44' 

46' 

50' 

54' 

58* 

66' 

70' 

74' 

78' 

1  82' 

86' 

R    R 
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TABLE  86. 
ArvABSNT  Distance,    114° 
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Apparent  Altitude  of  the  Sun 

or  Star. 

w 

36<» 

38® 

40° 

42^ 

>    440 

46° 

50° 

54*  58' 

'  62° 

66* 

70® 

74'* 

78<>,  82° 

86° 

(L 

6  9 
5  30 
5  2 
4  39 
4  21 

6  26 
5  44 
5  14 
4  50 

4  31 

€41 
5  58 
5  26 
5  0 
4  40 

/  if 

6  56 
6  11 
5  37 
5  10 
4  49 

7  11 
6  22 
5  4£ 
5  2C 
4  5C 

[  7  25 
\  6  35 
1  5  58 
)  5  30 

15  7 

/  if 

7  39 
6  47 
6  9 
5  40 
5  16 

8  5 
7  10 
6  29 
5  58 
5  32 

8  30  8  52 
7  31  7  52 
6  48  7  7 
6  14 
5  47 

'  n 

/  tf 

/  n 

/  N 

t     U 

/  n 

■  A 

c 

■ 

1( 

4  7 
3  55 
3  45 
3  36 
3  29 

4  15 
4  2 
3  52 
3  43 
3  35 

4  24 
4  10 
3  58 
3  49 
3  41 

4  32 
4  17 
4  6 
3  55 
3  47 

4  4C 
4  22 
4  12 
4  1 
3  52 

(4  48 
»  4  32 
1  4  18 
4  7 
r3  58 

4  56 
4  39 
4  25 
4  13 
4  3 

5  10 
4  52 
4  37 
4  25 
4  14 

5  24 
5  5 

"Ti 
u 

14 
U 

3  23 
3  18 
3  14 
3  11 
3  8 

3  29 
3  23 
3  19 
3  15 
3  12 

3  34 
3  28 
3  23 
3  19 
3  15 

3  39 
3  33 
3  28 
3  23 
3  19 

3  45 
3  38 
3  32 
3  27 
3  23 

3  50 

1  3  43 

,  3«7 

3  31 

3  27 

3  54 
3  47 
3  41 
3  35 
3  31 

4  2 

U 

n 
u 
ig 

20 

3  5 
3  3 
3  2 
3  0 
2  59 

3  9 
3  7 
3  5 
3  3 
3  1 

3  12 
3  10 
3  8 
3  6 
3  4 

3  16 
3  13 
3  10 
3  8 
3  7 

3  19 
3  16 
3  13 
3  10 

3  22 
3  19 

21 
22 

23 
24 
25 

2  58 
2  57 
2  56 
2  55 
2  55 

3  0 
2  59 
2  58 
2  57 
2  56 

3  2 
3  1 
3  0 

3  5 

m 

26 
27 
28 
29 
30 

2  54 
2  54 

% 

31 
32 
33 
34 
35 

• 

36 
37 
38 
39 
40 

• 

41 
42 

43 
44 
46 

48 
50 
52 
54 
56 

58 
60 
62 
64 
66 

--, 

68 
70 
72 
74 
76 

78 
80 
82 
84 
86 

W 

36<» 

38« 

40° 

42°,  44« 

40° 

50°  1  54«  1  58«,  62*  | 

66*> 

70* 

74** 

78° 

82°  j  86*  1 

302 


TABLE  a6. 

ArPABniT    DiSTANCB,     II80 


Apparenl 

;  Altitude  of  the  Sun  or  Star. 

t'^ 

6= .   r»  •   8^     »'    io»  11'    \t^ 

14«  1  16*> 

18<»,  200  1  22? 

24«     26«*  1 

28^ 

36*» 

32«| 

i: 

Alt- 

/    #r   1    '    #r 

#  « t  /  //  1  /  w 

/     99 

'  ff 

r  9t 

*   n 

'  -  1 

t 

2  53  2  57  3    0  3    5  5  10  3  17  3  24 

3  4013  56  4  12*4  30  4  48 

5     5 

5  22 

5  39 

5  56 

6  13 

{, 

4 

2  57   2  57   2583     13     43    93  15 

3  26*3  39  3  53*4     7   4  22 

4  36 

4  51 

5     5 

5  20 

5  3^ 

( 

b 

3     125S2562583     13    43     8 

3  17 '3  280  3913  51    4    4 

4  16 

4  29 

4  42 

4  54 

5    7 

k 

9 

3    63     12582  57  2  59  3     13    4 

3  11   3  19 '3  28,3  39   3  50 

4     1 

4  12 

4  23 

4  34 

4  4€[  ^ 

10 

3  12   3    5  : 

\     1    2  59  2  58  : 
\    53     1  2  59  J 

1  59  3     1 1 

3    7'3  133  3113  30  3  39 

3  49 

3  58 

4     8  4  18 

4  »   1" 

14  H    1. 

11 

3  19  3  10  : 

e  58  2  5913    4.3    93  15.3  23:3  301 

3  39 

3  47 

3  56 

4    5 

12 

3263  16  3    93    43     12  59  2  58<3    2;3    6'3  11  3  17   3  23| 

3  31 

3  33 

3  46  3  54  4    2;  \i 

13 

3343  213  13  3    83    43     12  59i3    0'3    4  3    8  3  13 

3  18 

3  24 

3  31 

3  38 

3  45'3  52 

1' 

14 

3  42  3  27  3  18  3  12  3     7  3    4  3     1   2  59.3    2  3    5  3  10 

3  14 

3  19 

3  25 

3  31 

3  3813  44 

!4 

13 

3  50  3  S4   3  23  : 

1  16  3  11  3     7  ; 
1  20  3  14  3  10   ; 

S4|3    0313437 

3  11 

3  15 

3  21 

3  26 

3  32 

!3  V^^  1^1 

16 

3  5{>   3  40  3  28   : 

S     6  3    2  3    03    2  3    5 

3    8 

3  12 

8  17  3  22 

3  28 

333 

1% 

1: 

4     63  47   3343  24  3  18  3  13   3     83    3,3     13     23    4;3     6| 

3  10 

3  14 

3  19 

3  24.32« 

i: 

1^ 

3    5 

3    8 

3  12 

3  16 

3  20 1 3  24 

1' 

ly 

4  24   4     23  46   3343  25  3  19   3  14  13    83    33     23     2 

3    4 

3    7 

3  10 

3  I4J3  17(3  21 

20 

4  32   4     9   3  53   3  40  3 

;  30  3  23  . 
;  »  3  27  . 

3  17   3  10  3    53    33    2 

3    4 

3    6 

3     9 

3  12  3  15 

3  19' -8 

3  \%\  '• 

21 

4  41    4  16   3  59   3  45  a 

3  21    3  12   3     73    43    3 

3    4 

3     6 

3     8 

3  10  3  13 

22 

4  49   4  23   4     5   3  50  3  39  3  31   3  24 

3  14 . 3    9  3    6  3    4 

3    3 

3    5 

3     7 

3     913  12  3  14 

I. 

23 

4  48   4  30   4  12   3  56  3  44  3  35   3  2S 

3  17   3  113     7  3    5 

3    4 

3     5 

3     6 

3     8  3  11  3  13 

ii 

24 

5     7   4  37   4  18   4     2  3  49  3  39   3  31    3  20   3  13  3     9i  3     6 

3    5 

3    4 

3     6 

3     8  3  10  3  ]^ 

a 

2o 

5  15    4  44    4  24    4     73543  44   335323 

3  16  3  11; 
3  18  3  13 

3     8| 

3    6 

3     5 
3    6 

3     6 

3     7, 
3     7. 

3    9  311 

25 

2b 

5  24   4  52   4  31    4  12  3  59  3  48   3  39   3  28 

3    91 

3     7 

3    6 

3    9  3  11 

2'/ 

mm    ' 

27 

5  31    4  59   4  37   4  18  4     4  3  53  3  43   3  29   3  20  3  15;  3  11 

3    9 

3    7 

3    6 

3    7, 3    8  3  10 

t 

2S 

5  41    5     6   4  43   4  23  4     9  3  57   3  47   3  32 : 3  22  3  16:3  12 

3  1013    8l 

3    6 

3     7  3    8  3  10 

2S 

29 

5  49   5  14   4  50   4  *29  4  144     2  3  51 '  3  35   3  25.3  18'3  14 

3  11    3    9  3     7 

3    7  3    8  3    9 

29 

30 

5  57    5  21 

4  56   4  34  ^ 

5  2   4  40  ^ 

I  18  4    6  3  55  3  38  1 3  27  3  20  3  15 

3  12  3  10  3    8 

3    8  3    8  3    IS^L 

31  ] 

6     6   5  28 

V  23.4  10  3  59   3  4113  30  3  22|3  17 

3  13   3  11,3    9 

3    9  3    8| 

32 

6  14    5  36   5     8   4  45 .4  28  4  14   4     3   3  44 !  3  33  3  24'  3  19 

3  15   3  12  3  10 

3  10  3    8, 

ji 

33 

6  23    5  43   5  15    4  51  4  33  4  19  4     7   3  48  |  3  35  3  27!  3  21 

3  1613  18  3  11 

3  10 

.>3 

41  i 

34 

6  31    5  51    5  21    4  55  4  38  4  23  4  10  3  51 '  3  38  !3  29  3  23 

3  18! 3  14  3  12 

3  11 

M 

,« 

35 

6  40    5  58 

5  27    5     2 

1  43  4  28   4  15   3  54 , 3  41 L 
4  48  4  33   4  19   3  57  . 3  44  I 

3  32i  3  25  1 

3  20 [3  15  3  12 

,».> 

36     6  48   6     5 ' 

5  33    5     8 

3  34  3  27 

3  22 

3  18   3  14 

37     G  56   6  12   5  39    5  13  4  53  4  37   4  23   4     1   3  47  |3  37^  3  29 

3  23 

3  20 

01 

3S     7     4    6  19    5  45   5  18  4  58  4  4r  4  27   4     5   3  50  3  39!3  31 

3  25 

3  20 

> 

39  j  7  12 ,  6  26   5  51    5  24  5     3  4  46   4  31   4     8 '  3  53  '3  4ll  3  33 

3  26 

.>'.* 

40 

I  7  20   6  33  .  5  57  . 

5  29 
5  34 

5     7  4  50   4  35   4  11   3  55  3  44.  3  35 '  3  27 

i't 

41 

7  27    6  39   6     3  . 

5  12  4  54   4  39   4  15,3  58  i 

3  47.3  37, 

41 

42 

7  34    6  45    6     8  ,  5  40  5  17  4  58   4  41    4  18 ;  4     1 

3  49!  3  30 ; 

\1 
•  • 

43 

7  42 

6  51 , 6  14    5  45  5  22  5     3   4  46   4  21    4     4 

3  5ll 

U 

44 

7  50 

6  58    6  20   5  50  5  26  5     7   4  50   4  24   4     7 

3  55 

u 

46 

8     5 

7  10   6  30  ' 

5  59 

6  9 

5  35  5  15   4  58   4  30  , 4  10 

}  ♦ 

4S 

8  19 

7  21    6  4l! 

5  44  5  23   5     4  .  4  36  1 

^'• 

50 

8  31    7  32   6  51  i  6  19  5  52  5  31   5  12 

J4 
'.4 

52 

8  43 

7  44   7     1  1 6  30  6     0 

.). 

54 

8  55 

7  56,7  12  1 

Jt 

56 

9     7 

1          1 

,v» 

58 
60 

1 

62 
61 
66 

. 

62 

ii 

68 

t>5 

70 

.» 

72 

%  1 

74 

76 

<3 

78 
80 

1 

^4 

82 
84 

>- 

SI 

TABLE    86. 
Apparent  Distance,  118' 
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Apparent  Altitude  of  the  1 

Sun  { 

yt   Star. 

34° 

36°  1  38*   40° 

142° 
.  '  " 

7  34 
6  45 
6  9 
5  39 
5  17 

44° 

46° 

60° 

54° 

58° 

62°  66° 

70°  1  74<* 

78° 

82° 

86° 

D's 

1  11 

6  30 
5  50 
5  20 
4  57 

1  38 

/  // 

6  47 
6  5 
5  33 
5  8 
4  48 

/  // 

7  3 
6  19 
5  46 
5  18 
4  57 

/  // 

7  18 
6  32 
5  57 
5  28 
5  7 

7  49 
6  57 
6  19 
5  49 
5  26 

/  // 

8  4 
7  9 
6  30 
5  59 
5  35 

8  31 
7  32 
6  50 
6  18 
5  52 

/  // 

8  55 
7  55 
7  10 

/  // 

/  // 

/  // 

/  // 

/  // 

/  // 

/  M 

1  ft 

Alt. 

6° 
7 
8 
9 
10 

4  23  i 
4  10 
4  0 
3  51 
3  44 

4  32 

4  19 
4  8 
3  58 
3  50 

4  41 
4  27 
4  14 
4  5 
3  56 

4  50 
4  35 
4  22 
4  12 
4  3 

4  58 
4  43 
4  29 
4  18 
4  9 

4  1 
3  54 

3  48 
3  43 
3  39 

5  7 
4  50 
4  36 
4  25 
4  15 

5  15 
4  57 
4  43 
4  30 
4  21 

5  23 
5  4 

11 
12 
13 
14 
15 

3  38 
3  33' 
3  29 
3  25 
3  23 

3  44 
3  39 
3  34 
3  30 
3  27 

3  50 
3  44 
3  39 
3  35 
3  31 

3  55 
3  49 
3  44 

3  39 
3  35 

4  7 
3  59 
3  52 

4  13 

16 
17 
18 
19 
20 

3  20 
3  18 
3  16 
3  15 
3  14 

3  24 
3  21 
3  19 
3  19 
3  17 

3  15 

3  28 
3  25 
3  23 
3  22 

3  32 
3  29 



21 
.22 
23 
24 
25 

3  13 
3  12 
3  11 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

« 

48 
50 
52 
54 

56 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

78 
80 
82 
84 
86 

I540 

360 

1  38° 

40° 

420 

440 

460 

W 

54° 

58° 

62° 

66° 

1  70° 

74° 

!78° 

82«, 

1  86° 

1 
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Apfabent  Dibtancx,  120" 

Apparent  Altitade  of  the  Son  or  Star. 

AU. 

6^ 
7 
8 
9 
10 

6<» 

r 

8« 

90  10° 

W 

120 

14° 

16® 

18® 

20® 

22® 

24« 

26° 

1  28°\  3ir» 

S2«T 

3  1 
3  3 
3  7 
3  12 

3  18 

t  If 

3  3 
3  2 
3  4 
3  8 
3  12 

/  tf 

3  6 
3  4 
3  S 
3  5 
3  8 

3  11  3  17 
3  7  3  11 
3  53  8 
3  43  6 
3  63  5 

/  it 

3  24 
3  16 
3  11 
3  8 
3  6 

/  M 

3  32 
3  22 
3  15 
3  11 

3  8 

/  M 

3  47 
3  34 
3  25 
3  18 
3  14 

/  // 

4  4 
3  47 
3  35 
3  26 
3  20 

3  16 
3  13 
3  11 
3  9 
3  8 

4  21 
4  1 
3  46 
3  36 
3  28 

/  H 

4  39 
4  15 
3  59 
3  47 
3  38 

#  if 

4  57 

4  30 
4  12 
3  58 
3  47 

5  15 
4  45 
4  25 
4  9 
3  57 

5  32  !5  49  6  i 
5  0  >5  15  5  3fl 
4  38  4  51  A  4 
4  20  4  31  4  43 
4  7  4  17  4  27 

'  '  ,  All 

^  6  23,  i' 
1  5  45  r 

5  17  S 
>  4  55  9 

4  37  K 

11 
12 
13 
14 
15 

3  25 
3  33 
3  41 
3  40 
3  57 

3  17 
3  23 
3  28 
3  34 
3  41 

3  12 
3  16 
3  26 
3  25 
3  30 

3  8 
3  11 
3  15 
3  19 
3  23 

3  6 
3  8 
3  11 
3  14 
3  18 

3  5 
3  6 
3  8 
3  11 
3  14 

3  17 
3  20 
3  23 
3  26 
3  30 

3  6 
3  5 
3  6 
3  8 
3  11 

3  11 
3  9 
3  8 
3  7 
3  8 

3  22 
3  18 
3  15 
3  12 
3  11 

3  30 
3  24 
3  20 
3  17 
3  14 

3  38 
3  31 
3  26 
3  22 
3  18 

3  47 
3  39 
3  32 
3  27 
3  24 

3  56  4  5  4  14}4  23  li 
3  47  3  55  4  3t4  11  U 
3  39  3  46  3  53  4  0  U 
3  33  3  39  3  46  S  52  U 
3  29  3  34  3  40!S  46  U 

16 
17 
18 
19 
20 

4  6 

4  14 
4  23 
4  32 
4  40 

3  48 

3  55 

4  3 
4  10 
4  17 

3  36 
3  42 
3  48 

3  54 

4  1 

3  28 
3  32 
3  37 
3  42 
3  48 

3  22 
3  25 
3  29 
3  33 
3  38 

3  13 
3  15 
3  18 
3  21 
3  24 

3  28 
3  32 
3  36 
3  39 
3  43 

3  9 
3  10 
3  12 
3  15 
3  17 

3  8 
3  9 
3  10 
3  11 
3  13 

3  10 
3  9 
3  9 
3  10 
3  11 

3  12 
3  11 
3  11 
3  10 
3  10 

3  16 
3  14 
3  13 
3  12 
3  12 

3  20 
3  18 
3  16 
3  15 
3  !4 

3  25 
3  22 
3  20 
3  18 
3  16 

3  30 
3  27 
3  24 
3  21 
3  19 

3  36?S  41  1^ 
3  32  3  36  17 
3  28  3  32,  b 
3  25  3  29 1  U 
3  23  3  27<  29 

21 
22 
23 
24 
25 

4  49 

4  58 

5  7 
5  16 
5  25 

4  24 
4  31 
4  39 
4  46 
4  53 

4  7 
4  14 
4  21 
4  27 
4  83 

3  53  ,3  42 

3  58  3  47 

4  4  3  52 
4  10  3  57 
4  15 '4  2 

3  34 
3  39 
3  43 

3  47 
3  51 

3  19 
3  22 
3  25 
3  28 
3  31 

3  15 
3  16 
3  18 
3  20 
3  23 

3  12 
3  18 
3  14 
3  16 
3  18 

3  10 
3  11 
3  12 
3  14 
3  15 

3  11 
3  11 
3  12 
3  13 
3  14 

3  13 
3  12 
3  12 
3  13 
3  13 

3  15 
3  14 
3  13 
3  13 
3  13 

3  1713  21 
3  16  3  19 
3  15  3  18 
3  15  3  17 
3  15'  3  17 

3  24 
3  22 
3  21 
329 
3  19 

\  SI 

23 
24 
25 

'2« 
27 
28 
29 
30 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

5  34 
5  42 

5  51 

6  0 
6  8 

5  1 
5  8 
5  16 
5  24 
5  31 

4  40 
4  47 

4  53 

5  0 
5  6 

4  20, 
4  25 
4  31 

4  37 
4  43 

4  7 
4  12 
4  17 
4  22 
4  27 

3  56 

4  1 
4  5 
4  10 
4  15 

3  47 
3  51 
3  54 

3  59 

4  3 

3  34 
3  37 
3  40 
3  43 
3  46 

3  25 
3  28 
3  30 
3  33 
3  36 

3  20 
3  22 
3  24 
3  26 
3  28 

3  16 
3  18 
3  20 
3  21 
3  23 

3  15 
3  16 
3  17 
3  18 
3  19 

3  13 
3  14 
3  15 
3  16 
3  17 

3  14  3  15  3  16 
3  14  3  15  3  16 
3  14  3  15  3  16 
3  15  3  15  3  16 
3  16  3  16  3  16 

3  18 

'3  18 

3  18 

6  17 
6  25 
6  34 
6  43 
6  51 

5  39 
5  46 

5  54 

6  2 
6  9 

5  12 
5  18 
5  25 
5  31 
5  38 

4  48  ,4  32 

4  54  4  37 

5  0  4  42 
5  6  4  47 
5  12  i4  52 

4  19 
4  23 
4  27 
4  32 
4  37 

4  7 
4  11 
4  15 
4  19 
4  24 

3  49 
3  52 
3  56 

3  59 

4  2 

3  38 
3  41 
3  44 
3  47 

3  50 

3  30 
3  32 
3  35 
3  37 
3  40 

3  25 
3  27 
3  29 
3  31 
3  33 

3  20 
3  22 
3  24 
3  26 
3  28 

3  18 
3  19 
3  21 
3  22 
3  24 

3  17 
3  18 
3  19 
3  20 

3  17 
3  18 

.  31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

6  59 

7  8 
7  16 
7  24 
7  32 

6  16 
6  23 
6  30 
6  37 
6  44 

5  44 
5  50 

5  56 

6  2 
6  8 

5  18  4  57 
5  23  5  2 
5  28  5  7 
5  34  5  12 
5  39  5  17 

4  42 
4  46 
4  50 
4  55 
4  59 

4  28 
4  32 
4  36 
4  40 
4  44 

4  5  3  53 
4  9  3  56 
4  13  3  59 
4  16  4  1 
4  20  4  4 

3  42 
3  45 
3  47 
3  50 
3  52 

3  35 
3  37 
3  39 
3  41 
3  43 

3  30 
3  31 
3  33 

3  26 

36 

37 
38 
39 
40 

41 
42 
43 
44 
46 

7  40 
7  47 

7  55 

8  3 
8  18 

6  50 

6  56 

7  2 
7  9 
7  21 

6  14 
6  19 
6  25 
6  31 
6  41 

5  44 
5  50 

5  55 

6  0 
6  10 

5  22 
5  27 
5  32 
5  37 
5  46 

5  55 

6  3 

5  4 
5  8 
5  13 
5  17 
5  26 

'4  48 
4  52 

4  56 

5  0 
5  8 

4  24  4  7 
4  28  4  10 
4  31  4  13 
4  34  4  16 
4  40 

3  55 
3  57 

41 
42 

43 
44 

45 

48 
50 
52 
54 
56 

58 

60 

62 

64. 

66 

63 
70 
72 
74 
76 

8  32 
8  45 

8  57 

9  9 

7  33 
7  45 
7  57 

6  52 

7  2 
7  13 

6  20 
6  30 

5  34 

5  14 

• 

48 
50 
52 
54 
56 

58 
GO 
62 
64 
66 



6S 
70 
72 
74 

76 

78 
80 
82 
84 
86 

80 
82 
B4 
R6 

TABLE    30. 
Apparent  Distance,  120* 
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Apparent  Altitude  of  the  Sua  or  Star. 


W  1  Ze^"  1  38°  1  40°  1 

42© 

44°  t  46° 

50° 

54° 

58° 

62°  66« 

70°  1  74°  1 

.78° 

82° 

86°  . 

(['• 

41 

0 

30 

.1 

6  58*7  14 
6  15^6  29 
5  43*5  56 

5  18  5  281 
4  57  5  7  1 

7  30 
6  43 
6  8 
5  38 
5  17 

/  M 

7  46 
6  56 
6  20 
5  49 
5  27 

8  2 
7  8 
6  31 
6  0 
5  37 

8  17 
7  21 
6  42 
6  10 
5  46 

8  44 
7  45 
7  3 
6  29 
6  3 

/  // 
9  9 

t  u 

/     // 

/  H 

/  M 

/  // 

/  » 

/  H 

■ 

Alt. 

6° 
7 
8 
9 
10 

32 

19 

8 

59 

52 

4  42  4  51 
4  28  4  37 
4  16 ; 4  24 
4  6:4  13 
3  58  4  4 

4  59 
4  44 
4  31 
4  20 
4  11 

5  8 
4  52 
4  38 
4  27 
4  18 

5  17 
5  0 
4  46 
4  34 
4  24 

5  25 
5  7 
4  53 
4  40 

11 
12 
13 
14 
15 

46  i  3  52 
4l!3  47' 
37 j 3  42. 
33 , 3  38 
•  31 <  3  35 

3  58, 
3  52 
3  47 
3  43 
3  39 

4  4 

3  58 
3  52 
3  47 
3  44 

4  10 
4  3 
3  57 

4  16 

16 
17 
18 
19 
20 

.  28 
27 
24 
23 
21 

20 

3  32 
3  29 
3  27 
3  26 

3  36 
3  83 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
46 

1 

48 
50 
52 
54 
56 

58 
60 
62 
64 
66 

68 
70 
72 
74 
76 

78 

80- 

82 

84 

86 

34° 

36° 

38° 

1  40° 

42° 

44« 

46° 

1  50° 

54° 

w 

1  62» 

66° 

70° 

74° 

78° 

,  82° 

86° 

806 

TARTiK  37. 

Distance 

o  . 

30° 

55** 

40° 

45** 

1 
50*   55**   60** 

65** 

70** 

76*' 

1 

J  80**    85 

90^ 

15 

5'' 

4" 

4^^ 

3^ 

1 
3*     3^^ 

3" 

3" 

2' 

2* 

'         1 

1     2^     2*     2' 

20 

6 

S 

5 

4 

4 

4 

3 

3 

3 

3 

'     3 

3 

3 

25 

7 

6 

6 

5 

5 

5 

4 

4 

4 

4 

t 

1  * 

4 

4 

30 

9 

8 

7 

6 

6 

5 

5 

5 

5 

4 

4 

4 

4 

• 

35 

10 

9 

8 

7 

7 

6 

6 

5 

5 

5 

b 

5 

5 

40 

11 

10 

9 

8 

7 

7 

6 

6 

6 

6 

0 

6 

6 

P 

45 

12 

11 

10 

9 

8 

8 

7 

6 

7 

6 

6 

6 

6 

1 

50 

13 

12 

10 

10 

9 

8 

8 

7 

7 

7 

7 

7 

7 

55 

14 

13 

11 

10 

9 

9 

8 

7 

8 

8 

7 

7 

7 

60 

15 

13 

12 

11 

10 

9 

'   9 

8 

8 

8 

8 

8 

8 

65 

16 

14 

12 

11 

10 

10 

9 

8 

8 

8 

8 

8 

8 

70 

17 

15 

13 

12 

11 

10 

10 

9 

9 

9 

9 

9 

8 

75 

17 

15 

13 

12 

11 

10  '  10 

j 

9 

9 

9 

9 

9 

9 

80 

17 

15 

13 

12 

11 

11     10 

9 

9 

9 

9 

9 

9 

85 

18 

16 

14 

12 

11 

11      10 

10 

9 

9 

9 

9 

9 

90 

18 

16 

14 

12 

11 

11 

10 

10 

9 

9 

9 

9 

9 

15 

3 

3 

3 

2 

2 

2 

1 

1 

1 

0 

0 

0 

0 

20 

4 

4 

4 

3 

2 

2 

2. 

1 

1 

1 

0 

0 

0 

25 

5 

5 

4 

4 

3 

2 

2 

2 

1 

1 

0 

0 

30 

6 

6 

5 

4 

4 

3 

2 

2 

2 

1 

0 

0 

»' 

35 
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Correction  in  finding  the  Time  of  High  Water. 
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LATITUDES   AND   LONGITUDES, 

Of  the  principal  Ports,  Harbours,  Gapes,  &c.  in  the  World,  from  the  latest 

Observations,  Snrveys,  &c.  &c. ; 
With  Descriptions  and  Heights  of  the  Principal  Light-houses  above  high  water»* 

the  Times  of  High  Water,  and  the  Rise  of  the  Tide. 

*  Where  then  an  Two  Ldghts,  the  height  of  the  highest  only  is  giyen. 


L     light 
/.     fixed 


ExpUauUiom. 
r»    rerolving 
t.    intemutdng  or  flathing 


/. «.    light  ship 
fl.  §t,    flag  staff. 


From  the  Meridian  of  Greenwich, 


ENGLAND, 

South  Cooii, 
LONDON,  St.Panl . . . 
Greenwich  Obaenratoiy. 
Chatham  Dock  Yard. . . 
SheemesB  Flag  Staff. . . . 
N. Foreland,  /./.  340ft. . 

Deal  castle 

S.Foreland,  2  /./.  372ft. 

Dorer  castle 

DuDgenesa,  /./.  92ft  . . . 

Hastings 

Beachy  hd,  /.r.2m  285  ft 

Brighton 

^)horeham 

Anindel • . 

Owers,  /.«.  26ft.  .-...•. 
Chichester  church  spire. 

Portsmonth  chnrch .... 

Southampton  spire .... 
ItU  itf  WigM. 

Cowes. 

Bembridge,  Lf.  32ft.. . . 

Dunnose    

St.Catherine^t.£r.  178ft 

Needles,//.  469ft.  ... 
S.  CooiiqfSmgland 

Hurst,  2//.  66  ft 

Poole 

St.Alban's  head 

Weymouth 

Portland,  2 //.  198ft.. 

Bridport 

Ezmouth  bar 

Berry  head,  Torbay. . . . 

Dartmouth  dock  yard . . 

Start  pointtl't.lm  204  ft 

Praule  point. 

Bolt  head ^ 

Eddystone,  //.  72  ft.  . . 

Ramehead 

Plymouth  dock 

Looe  island 

Fow«y 

DeadmaD*s  pt,//  39ft. 

Falmoath,  /.r.  208.65  ft. 

Black  head 

Lizard  point,^  lf,223  ft. 

St.MichaePs  mount. .  • . 

Penzance  


51  31 N 
51  29 
51  24 
51  27 
51  22 
51  13 
51  8 
51  8 
50  55 
50  52 
50  44 
50  50 
50  50 
50  51 
50  41 
50  50 
50  47 
50  54 

50  46 
50  42 
50  37 
50  36 
50  40 

50  4^ 
50  43 
50  34 
50  36 
50  31 
50  41 
50  37 
50  24 
50  21 
50  13 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 


6W 

0 
35  E 
45 
27 
24 
22 
19 
58 
38 
13 

9W 
16 
36 
39 
47 

6 
24 


2  7 


12 
11 
11 
11 
11 
10 
10 
10 
10 
11 
11 
11 


1  16 
1  2 
1  12 
1  18 
1  34 


W      AW     1 

50  13  1 

50 

13 

50 

11 

50 

19 

50  22 

50  25 

50  20 

50 

13 

50 

9 

50 

0 

49  58  1 

50 

7 

50 

8 

38 
59 
3 
27 
27 

2  52 

3  22 
28 
33 
38 


1 
1 
2 
2 
2 


01 
45 
£5 

6 
16 
50 
36 
15 

6 
21 
20 

0 


11  40 


11  0 

11  40 

9  56 

8  30 

9  45 

10  0 
9  0 
7  30 
6  30 


3 
S 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 


43 

48 

16 

13 

10 

27 

38 

48 

3 

6 

12 

29 

8 


6 
6 
6 
5 
5 
5 
5 
5 
5 


19 


15 
16 
19 
15 
20 
24 

20 
16 
16 
16 
15 

18 


15 


25 
0 
5 
55 
55 
55 
15 
45 
30 


5  30 
5  30 
5  30 

4  55 

4  30 


7 
7 

14 
20 
14 
20 

20 
18 

18 

16 

18 

18 

19 


Rmmelstone  beacon  • . .  !50  2  N 

Land'sEnd |50    4 

Wolf  rock 49  57 

Longahips,  //.  88  ft ...  50    4 

Wett  Cooit 
Solly  islanda 

St.Agne8,/r.lm.l38ft49  54 


55 
2 
8 


StMary's 149 

Seren  Stones,  //,  38  ft .  50 

Cape  Cornwall 50 

St.Ives 50  13 

StAgnes,  beacon,  621ft.  50  18 

Treroaehead 50  33 

Padstow 50  35 

Tintagel  head 50  40 

Hartland  point ....   • .  51     1 

Mort  point 51  11 

Lundyis]e,2/.t.45^42ft  51  10 
Flathobn,//.  156  ft. ...  51  23 

Bristol 51  27 

Nash  point,  2 /y.  167  ft.  51  24 
Mumbles  point,//.  114ft  51  34 

Worms  head 51  34 

Caldy  island,  //.  210ft.  51  38 

8t.Gowan's  point 51  36 

StAnn's,  2  //.  192ft ...  51  41 

Small's,  //.  70ft 51  43 

8t.DaTid'fhead 51  55 

Stnunble  head 52    2 

Dinas  point 52    2 

Aberystwith,  2  /<t/.  . .  52  25 

Barmouth 52  41 

Bard8eyiale,//-129ft...  52  45 
Southstackrk,/r.2m201f53  18 

Brachy  Pool  head 52  46 

Holyhead,  //.  44  ft. ...  53  19 
Skerriea,  //.117ft.  ...  53  25 
Pt.  Lynns,/,  r.  10s.  128ft.  53  25 

Great  Ormea  head 53  20 

Air  point,  2//t/.  49ft  ..  53  22 

Liyerpool,  /.t « 53  28 

Walney  ialand  /r  5m.  70ftp4     4 

Formbypoint 53  33 

Lancaster 54    3 

Selkerrock 54  17 

St.Beeshead,  //  333ft.  54  31 
WhitehaTen,2/r,2ii^7ftS4  33 
Workington,  2  //.  55ft.  ,54  40 
Mary  port,  2  //.  39ft  . .  .54  44 


5  39W 
5  42 
5  48 
5  45 


6  21 
6  17 


6 

5 

5 

5 

5 

4 

4 

4 

4 

4 

3 

2 

3 

3 

4 

4 

4 

5 

5 

5 

5 

4 

3 

3 

4 

4 

4 

4 

4 

4 

3 

3 

3 


7 
41 
28 
13 

2 
55 
45 
31 
13 
40 

7 
36 
33 
58 
19 
41 
56 
10 
40 
18 

4 
53 
58 
55 
47 
41 
37 
36 
£6 

17 
55 

19 

17 


h    m 
4  80 


3  12 
3    5 


2 
3 
3 
3 
3 
3 


48 
57 
39 
38 
36 
33 


4  40 
4  40 

4  25 
4  30 


5  0 

6  0 

5  30 

6  28 

7  16 


6    0 
5  30 

5  50 

6  0 


7  30 

8  0 
6  15 


18 
18 

22 
22 


24 


30 
36 
42 


34 
86 


13 
13 


9  45 

10  30 

11  20  27 


10  25  26 

11  15. 


11    0 


T    T 
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Ct^Sa^ 54  54N 

meqfMam, 
Pt.of  Ayr, /.r.2m.l06ft54  28 
Donglaai,  //.  101ft. ...  54    9 
CagUfltowm.  i./22ft.  ..  54>   5 
C«lfofMsn,2/.r.2m.396f]54    3 

SCOTLAND, 

Witt  md  North  Cooit, 

Mnllof  Ga]lowa7yZ.t.3m 

325feet 54  38 

Roashead 54  47 

Bumnr httd 54  42 

ScwiiUBid. 54  39 

Port  Patrick,  //.  25ft.  .  54  50 
Corsewan  pU  r.2m.  1 12f  55    1 


Ayr,  y.  35ft 

Irwin 

Ailaa  craigrook,  1 100ft. 
Cnmlme  kle,  /y.  106ft. 

GrtkmKk,  I./. 

Glasgow,//. 

Pladda,  2//.  130ft 

MnU  of  KiiityTe,//.297ft 

Tonrore  luead 

Rhtiu  of  Ilay,/.l.  150ft.. 
Ben Nevil,  4)^8 ft.  ... 
Bara  head,  U.  3m.  680ft 

Skerry  vw^  rock 

Duiker  Hock 

CoU  iihuad.  North  end  . 
Rum  idind,  Sonth  end . 

Helsker  kland 

Canna  island 

DuTegan  head ........ 

Reahead 

More  head...,. 

Stoirer  head 

Cape  Wrath,/r.2m.400ft 
RonaiaUnd  .......... 

Barra  island 

Faront  head 

Dmmethead,  //.  346ft. 
Dnnoanabyhead 

J9[$brides, 

Mingala  idand 

Soa&  Ulat,  eoatk  end. . 

Reniah  head 

Ghisa  island  //  130ft  . 

Aird  point 

ButtofLewia 

Toe  head 

Gallen  head 

Flannen  islea 

St.  Kilda  point 

Hyakar  island 

Rockal  point 

Orkney 
Peniland  Skerries,  2  //. 

170ft 

Stroma  isle,  south  end 


55 
55 
55 
55 
55 
55 


27 
37 
15 
43 
57 
57 


55  25 
55  19 
55  54 

55  41 

56  48 
56  48 
56  20 
56  34 
56  42 
56  55 
56  56 


57 
57 
57 
58 
58 


3 
30 
56 

5 
14 


58  37 
58  55 
58  54 
58  37 
58  40 
58  39 


56  48 

57  5 


57 
57 
58 
58 
57 
58 
58 
57 
57 


41 
52 
15 
32 
51 
11 
14 
49 
38 


57  36 


58 
58 


43 
48 


S.Ronoldsha,  southpoint|58  45 


4  23 
4  29 
4  40 
4  49 


4 

4 
4 
4 
5 
5 
4 
5 
5 
4 
4 
4 
5 
5 


52, 

7" 

25 

41 

8 

10 

37 

9 

7 

55 
45 
41 
7 
49 


6  24 


6 
5 
7 

7 


33 
0 

38 
7 
6  57 
6  20 
6  13 
6  36 
6  27 
6  42 


5 
2 
5 
5 
5 
6 
4 
3 
3 


32 
18 
14 

0 
52 

3 
45 
22 

0 


7  33 
7  12 
6  56 
6  33 
6    5 

6  22 

7  5 
7     1 

7  30 

8  32 
7  39 

U39 


2  55 

3  14 
3    5 


10  30 
10  30  21 


10  30 


11  15 


11    0 

11  30 

11  30 

9    0 


8  15 


10    0 


6  45 


C^qriasfaa 

SCronsa,  I'  sooth  point.*. 
Start,  Lf-r^lm.  100ft.  .-. 
N.Ronaldaha*  norUipt. 
Pspa  Woetra  Isle, 

Mondhead 

Wcstra  tnandf 

Nonp  head. ...  '. . . . 
Pomona  island, 

Marwick  head. 

Stromness 

Sule  Skerries. 

Pairidandsnm 

Shetlmd, 
Sonibargh  hd^//«  300^* 

Hangdliff 

Lerwick 

RnmUe  island 

Outer  Skerries 

Lambaneas 

Ossa  Skerries 

Foul  -Island 

FdBTO 

Honkroek 

Fugloe  isUnd 

Mygenes  island 

Bast  Coatti  ScotUmd, 

Nose  head  .... 

Clythness 

Ordhead 

T«rbetneiB,/.i.  3m4 1 75ft 

Cromartie 

InTemess 

Fort  George 

Burgh  head 

Cullen 

Banff 

KinnaiidVhd.  i/l20ft. 

Ratriehead 

Peterhead 

Buchanness,  /.i.58. 130ft 

Newbmrgh 

Aberdeen  oba. 

Girdleness 

Stonehaven 

MontroBS,  2/y  45ft... 

Arbroath 

Buddonness,  2  //.  85  ft. 

Dundee,  2  /./. 

Bell  rock,  /.f\2m.'100ft. 

St.  Andrew's 

Fifeness .  * 

Ellyness 56 

Edinbui^h  obs. 156 

Inchkeithi  /.r.  Im.  220ft -56 


58  56N 

59  5 
59^18 
59  23 

59  22 

59  19 

59    7 

58  57 

59  5 
59  29 

59  51 

60  9 
60  9 
60  21 
60  30 
60  48 
60  33 

60  5 

61  22 

62  21 
62    8 

58. 30 
58  20 


58 
57 
57 
57 


10 
51 
42 
31 


Fidra 

North  Berwick 

May  island,  //  240  ft. . 

The  Bass 

Dunbar 

StJibb'shead 


E^emooth 55  '53 


57  35 

57  43 

57  42 

57  40 

57  42 

57  38 

57  32 

57-28 

57  19 

57    9 

57    8 

56-68 

56  42 

56-34 

56  28 

56  28 

56  26 

56  21 

56  17 

12 

57 

2 

6 

4 

11 

5 

0 

55 


56 
56 
56 
56 
56 
55 


2  48W 
2  41 
2  24 

2  54 

3  3 

3  13 

3  27 

3  26 

4  14 
1  3S 

1  16 

0  57 

1  9 
0  53 

0  46 
6  59 

1  36 

2  4 

6  42 
6  18 

r39 


3 
3 
3 
3 
4 
4 
4 
3 


1 
1 
1 
1 
2 
2 


•9 

16 
35 
48 
1 
12 
5 
30 
2^ 
2  32 
2  1 
50 
47 
46 
57 
6 
6 
2  13 

2  27 

3  35 
2  45 
2  68 
2  23 
2  47 
2  35 
2  50 

11 
8 
46 
42 
2  33 
2  38 
2  30 
2  8 
2    6 


3 
3 
2 
2 


9    0 

10  30 

10    0 


9  30 

9  45  10 


9  30,  5 

9  3o| 

3    0 


II  45  U 

n2  0 


12  45 

12    0 
145 

1  o! 

12  30! 


2    0 

2  15^ 


4  30 
2  30 

1  SO 

2  0 
2  15 


TABLE   44. 
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LATErtJDBS   AND   LONGITUDES. 


ENGLAND, 
East  Coagi, 

Berwick,  2  //.  44ft 

Holyidand 

Bambargh  ctfUe 

Staples  light 

Fam  isle,2/.t.iai./28ft. 

SuDdorland  pomt 

Cheviot  hill,  267(Ht. . . . 
Coquet  ialand,//.  80ft. . 
Tynemoiith,  /  r.lml&4ft 
Bnnderland,  2//  73ft. . 

Hartlepool,  2 //. 

Stockton 

Whithy, //.83ft 

Scarborough,  //.  56ft. . 
plamboroughhd,  /.r.  2m 

214ft 

Spwn.  2  //.  100  ft.  • . . 

(j  jnn  Regis 

Outer  Dowiiiig 

Haddock's  bulk 

Ihidgtcm,  /./.  38ft 

Inner  Dowsing  ..•••.. 
Leman  and  Ower.  21.  r. 

'    Im.  / 

Smith's  knowl 

Cromer,  l.r.2m.  274ft. . 

Foolneas 

Hasborough,  2//.  137ft. 
Winterton,  i/.  52ft. . .  • 

Tarmonth 

Lowe8toft,2//.  119ft. . . 

Sonthweld 

Aldbro'  Knaps 

Orfordness,  2//.  83ft.  . 

IRELAND, 

We*t  CoMif 
CapeClear,  <.r.2m.455ft 
Fastnet  rock 
Crookhaven. 

Mixicnbea4 

gantry  bay 

Sheep'shead 

Greelagh  rocks 

porsey  I.  westend .... 

Bull  rock 

Cow  rock 

Kenmare  harbour 

Cod'shead 

LamVs  head 

Hog  iaLsnds • . 

Bolus  head 

Skellig'srk,2//.372ft.. 
Loop  head,  //.  269ft. . . 
Pingle  bay. 

Bray  hnid 

Dunmore 

Foze  rock 

Ferriter's  island 

GttBlaskett,  westend. . . 


.  • 


55  46N 
55  40 
55  37 
55  38 
55  37 
55  85 
55  29 
55  20 
55  1 
54  55 
54  41 
54  33 
54  30 
54  17 

54  7 
53  34 

52  47 

53  30 
53  33 
53  15 
53  18 

53  9 
52  52 
52  55 
52  56 
52  49 
52  43 
52  37 
52  29 
52  20 
52  8 
52  5 


61  26 
51  22 
51  30 
51  27 

51  34 
51  32 
51  37 
51  38 
51  28 

51  43 
51  50 
51  49 
51  52 

51  46 

52  34 

51  55 

52  7 
52  1 
52  9 
52  11 


1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
0 
0 

0 
0 
0 
0 
1 
0 
0 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 


58W 
47 
42 
37 
38 
38 
8 
32 
25 
21 
11 
20 
37 
23 

5 

7E 
25 
55 
24 
58 
34 

3 
17 
20 
21 
31 
41 
44 
46 
40 
42 
34 


h  m 


2  18 
2  30 

2  30 

3  0 


ft. 


16 


9  29W 
9  36 
9  40 
9  50 

9  51 
10  6 
10  10 
10  16 
10  15 

10  4 

10  5 
10  10 
10  15 
10  32 
9  56 

10  21 
10  22 
10  40 
10  31 
10  29 


2  45 

3  3 
3 

30 
30 
45 
25 


4  30 

5  30 

6  30 
6  45 


7 
6 


30 
45 


12  0 

9  0 
8  0 
8  15 

8  40 

9  0 
10  0 
10  45 
10  40 


4  0 

3  30 
3  0 

3  45 

3  30 

3  30 


3  0 
3  SO 


3  30 
3  50 


12 

15 
13 

16 

13 
13 


13 
13 


16 


16 

10 
8 


10 
11 


11 


11 


11 


Fhiees. 


52  14N 
52  18 
52  14 
52  25 
52  40 
460ft.  53  7 

52  51 

53  0 


EnniStTuskar 

DnnofUng 

Brandon  hiU,  3126  ft. 

Kerry  head 

limedck 

Aianmore,  /.r.3m. 

Clare 

Hag's-head 

Galway  bay 

Blackhead 153  11 

Galway 53  17 

Arran  I.  /  r.  3m.  498ft.  53  8 
Slynehead,2/r.2a^.l04f[53  24 

Shark  isknd 53  38 

Emus  Turk  island 53  45 

Clare  island,//.  487ft. .  53  50 
Achillhead,tQm.2222ft.l53  59 
Black  rock 54    4 


North  Coati, 
Erris  head.  2 //.220ft.. 

Downpatrick  bead 

Killala 

Bligo,//.  74ft 

Ennis  Murry  island.  •  • . 

Donnc^ 

Tillen  head,  sum.  1415ft 

Dourashead 

Arran,  I.  north  end  .  • 
Fannet  point,  //.  90ft 
Toryl.N.W.pt.  //.125ft 

Horn  head 

Melmore  head .  • 

Dnnaffhead 

Kslin  head 


16 
21 
16 
18 
SI 
38 
41 
53 
2 

16 
16 
15 
17 
19 
55  22 
£nnistrahul,/.r.2m.l97f|55  27 


Lat 


54 
54 
54 
54 
54 
54 
54 
54 
55 
55 
55 
55 
55 
55 


Inniahowan  hd././.  67ft. 

Londonderry ...   

Rachlin,  I.  west  end .  • . 

Fair  head. • . . 

Tor  head ....   

Maiden  rks.2//.  94ft... 


BUckhead 54  46 

Carrickfergos 54  43 

Beirut 54  35 

Copelend,  L  //.  131ft. .  54  42 
South  rock, /.r.lim.52ft  64  24 

Dundmm 54  13 

Dundalk 54    0 

Ctougher  head 54  50 

Droghedabar,  3/./. ...  53  44 
Howth  bead,  //.  43ft. .  53  24 
Howth  baUy,  //.  114ft.  53  22 
Dublin  obeerratory. ...  53  23 
Wiekkm, 2  i/.  250ft. . .  52  59 

Arklow,  /;«.  25ft. 52  44 

Glascarrick 52  S7 

Wexford  huHbour 52  22 


55 
55 
55 
55 
55 
55 


14 

59 
19 
15 
13 
56 


Long. 


10  20W 
10  20 
10  16 
9  51 

8  40 

9  42 

8  53 

9  20 

9    7 

9    1 

9  42 
10  16 
10  15 
10    5 

9  58 
10  12 
10  22 


10  1 
9  90 
9  17 
8  33 
8  54 
8  7 
8  46 
8  40 
8  33 


7 
8 
8 
7 
7 
7 
7 


7 
6 
6 
5 
5 


38 
15 
0 
47 
33 
22 
14 


6  55 


12 
13 
3 
58 
45 


5 

5 

5 

5 

5 

5 

6 

6  12 

6  13 


39 
45 
57 
32 
25 
48 
24 


6 
6 


4 
3 
6  21 
6    0 

5  57 

6  10 
6  19 


times 


h    m 


6    0 


4  30 


5  15 


6    0 


6  45 
5    5 


6    0 


6  0 
9  0 
9    0 


10  30 
10    5 


10  45 
10  45 


10  30 
9  0 
9  15 

7  30 


i 

ft. 


16 


8 


12 


i 


318 
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Places. 


Ut. 


South  Cbast, 

Canuora  poinf 

Tusker  rk./.r.2ai.  101ft. 
Saltees  rocks,  //25ft. . . 

Hook,//.  139ft 

Waterford 

Tramoro. 

Oongarron 

Ram  head. 

Yongfaal 

Dog's  nose 

Cork,  Rodie  point,  /./. 

92ft 

Kinsale,  Old  Head,  /./*. 

274ft 

SeTcn  heads 

Dundedj  head 

Ross 

Stags  off  Toe  head 

Baltiniore 


52  UN 
52  12 


Long. 


52 
52 


3 

7 


52  13 


52 
52 


7 

4 


51  55 
51  54 

51  48 

51  54 

51  37 
51  33 
51  33 
51  35 
51  27 
51  27 


59  53 
59  49 


NORWAY, 

Hsgholmen,  //.  24ft.  . 
Christiana  fiord 

Steilene,  I.  /.  f.  23ft. 

FUtvcU,  /.  f.  25ft 59  34 

RodlangnBbben,/./'.36ft59  31 

fiastoe,  If,  29ft 59  23 

Tulehuk,  I./.r.iin.43ft.  59  10 

Tcerder.  //.  216ft 59    4 

Langoe  I. /./.  41ft.  ...'58  59 
Jomfhilandi/.r.im.  134ft  58  51 

Christiansand 58    8 

Lindesnaes,  the  Naze,  I  J". 

146  ft 

Markae,  /./.  201ft 

Listerland,  /.r.lm.  129ft 
Vames  pt.  l^f.  90ft.  . . . 
Hvidingsoe,!.//.  133ft. 
Temginees,  /./*.  25ft. . . . 
Skudesnas,  /.  f,  77ft.  . . 
Ho'ievarde,  /(/*.  65ft. . . . 
Bergen, 

Nordnss,  /./*.  41ft  . . 
Rondoe,  I.  /./  168ft.  . 
Walderhong,  //  41ft.  . 
6Titholmen,orWintholm 

island,  /.r.lm.  131  ft. 
ChristianBund, 

Staoniesset,  /./.  65  ft. 
Edd  island, 

Ringholman,  /./.  36ft. 
Dron^eim, 

Temingen,  If.  100  ft. 

Agdenss,  /./,  116  ft. . 

Munkholmen,  //.44ft 
VilU  Oen,  U-f.  12ift. . 
Pra»8toe,I. //.  37ft.... 
Wcrro  island 
North  cape 
Kilduin  island 
Nagel  island 


57 
67 
58 
58 
59 
59 
59 
59 

60 
62 


58 

59 
6 

10 
4 
2 
9 

20 

24 
25 


62  30 


63 


6  18W 
6  12 
6  38 
6  56 
9 

10 

37 

41 

49 


7 

7 
7 
7 
7 


8  16 

8  29 

8  32 
8  42 
8  54 

8  58 

9  10 
9  20 


10  45E 

10  38 

10  41 

10  29 

10  36 

10  40 

10  36 

9  51 

9  41 

8    3 

7  3 
6  59 
6  32 


times 


h    m 


6  30 
5  40 


4  30 

5  0 

4  30 

4  30 
4    0 

3  45 


1 

ft. 


12 


11 

18 


11 
12 


11  15 


6 
5 
5 
5 
5 


36 
21 
33 
15 
17 


63 
63 


19 
26 


63  30 
63  38 


5  15 

5  35 

6  7 


7  13 


8  13 

10  24 

9  2 

9  43 

U  8 

10  42 

11  8 

11  25 

25  50 

34  21 

37  85 

1  30 


Cape 
CapeKanin 
Archangel  *. 
Cross  island. 


68  UN  39 
68  39  43 
64  32     40 

66  27     Uo 


SWEDEN, 

Hallo, /.r.  6m   J58 

Maestrand,l./.r.8m.292f|57 

Winga.  I.  //.  39ft 

Gottenbnrg, 

Bnskar,  /./..•...... 

Botto,/./.45ft 

Nidingen,  2/./. 

Momps  Tange,/./.70ft. 
Knlla  mt.  /.r.  8m  283ft. 

Helaingborg,  /./. 

Malmo,  /./.  50ft 


Falsterbo,  l.f.  74ft.  . . . 
Utklippan,  /.r.2m.50ft. 

Oland, /./'.130ft 

Calmar, 

Gemskar,  l.f. 

Ostergam  I.  /./.  75ft. . . 
L8ndaort,/.r.2m.  145ft. . 
Korsso,  /.f  .4m.  151ft. . . 
Gronskiir,  /./.  103ft.  . . 
Soderarm,/.r.2m.  99ft. . 
Svartklubh,  /./.  68ft.  . . 
Djursten,  l.f,  62ft. . . .  - 
Orskar,  I.  /.r.lm.ll3ft. 


Let. 


57 
57 
57 
57 
57 
56 
56 
56 
55 
55 
55 
56 


56 
57 
58 
59 
59 
59 
60 
60 
60 


29 
54 
38 
41 
38 
39 
18 
55 
18 
3 
37 
23 
57 
12 

40 

27 

44 

17 

17 

45 

10' 

22 

32 


DENMARK, 

Scaw,  //.  67ft 

Faldstrand 

Sebye 

Aalbnrg 

Grenaae 56  25 

Aarhnys 56 

Apenrade 55 

Flensbnrg 54  47 

Sleswick. ■••••.• 54  31 


57  44 
57  27 
57  20 
57    3 


9 
3 


ZEALAND, 

Kioge 55  27 

Copenhagen  /.  f.  31ft. . .  55  41 

Eldneur 56    2 

Cronburg,/./.  113  ft.  ..  56    2 

Headlights 56     7 

Nykoping 55  55 

Callandburg 55  40 

Korea Ught/.  f. 55  20 

Wordingbnrg 55     1 


U 
11 
II 
11 
11 
11 
U 
12 
12 
12 
13 
12 
15 
16 

16 
19 
17 
18 
19 
19 
18 
18 
18 


10 

10 

10 

9 

10 

10 

9 

9 

9 


12 
1> 
12 
12 
12 
U 
11 
11 
11 


47B 

32 

34 

28 


18 
38 
39 
54 
42 
45 
55 
23 
29 
43 
2 
51 
42 
25 

24 
0 
54 
58 
3 
26 
50 
30 
24 


37 
33 
33 
56 
53 
13 
26 
26 
34 


12 
35 
38 
37 
22 
40 
6 
9 
57 


h    av 
8  20 

6     01 
4  1& 


12    0 


u 


TABLE    44. 


819 


LATITUDES   and  LONGITUDES. 


Place*. 


DANISH  ISLES, 
FaeDf  OdcDsec  •  • « • 
Lauland,  Rudkop. . 

Aroe,  Kiop 

Alaen,  Sonderborg. 
Laaland,  Naskoi .  . 
Falstar,  Nykoping . 

Moen,  Stege 

Fermeren,  Boi 


>ige. 


55  24N 
54  57 
54  54 
54  55 
54  51 
54  50 
54  59 
54  27 


SWEDEN, 

Tnllebe^g 

Cimbritihamn.. . 

Ahns 

Carlflcrona 

Tomm  point .... 

Calmar ' 

Vesterryk 

Soderkoping  .... 

Nykoping 

Troea 

Landioit/.r.2ml45ft 
StookhoUn 


GEBHANY, 
Kiel,2./.  33ft8,... 

Lnbeek 

Wismar 

Rostock 


55  22 
55  34 

55  56 

56  10 
56    5 

56  40 

57  45 

58  29 
58  45 
58  53 

58  44 

59  21 


54  20 
53  51 

53  53 

54  3 


PRUSSIA, 

Dan  head 

GeUenUght 

Stnlmmd 

Rugen,  /./.  188ft. . . 

Bergen 

Uiedom • . » 

Wollin 

Stettin 

Cammin 

Colberg 

Rogenwalde 

Heel,  Lr,  113ft.  . . . 

Dantzic 

Pillau 

Kooigsberg 

Bnifter  Ort  lights. . 
Memel 


54  29 
54  28 
54  19 
54  40 
54  24 
53  53 
53  48 
53  23 

53  56 

54  7 

55  22 
54  35 
54  21 
54  38 
54  43 

54  58 

55  42 


RUS8IA, 

Lihan 

Windan... 

Lywrort  • .• 

Domesness  lights. . . 
Ronol. /./.  79ft.  . 

Riga 

Pemaa 

Dago,  Simpemess. . 
Dagerort,  I  r.  538ft. 
Osel,  Pahner  Ort . . 

Hands  Ort 

SwisreOit  light. 


56  32 

57  26 
57  35 
57  47 

57  49 

56  57 

58  21 

59  6 
58  55 
58  40 
58  32 

57  56 


10  24E 
10  44 

10  26 
9  49 

11  10 

11  54 

12  19 
11  17 


13  11 

14  20 

14  16 

15  34 

15  50 

16  21 
16  40 

16  20 

17  2 
17  33 

17  54 

18  4 


10    8 

10  40 

11  39 

12  17 


12  38 

13  13 
13  h 
13  30 

13  32 

14  4 
14  44 
14  33 

14  56 

15  47 

16  30 
18  48 

18  38 

19  54 

20  30 
19  59 

21  8 


20  55 

21  27 

21  38 

22  32 

23  7 

24  6 
24  24 
22  32 
22  12 
22  28 

21  50 

22  0 


Places. 


Lat. 


Arensbni^ ...... 

GaUka  Sando 

Faro,  N.E.  end. . . . 
Gottland,  N.E.  end. 

Wiaby 

Hoborg * . 

Oland,  north  end. . . 

Borgholms  Slott. . 

SouUi  end  light . . 

Eartholms 

Bomholm  N.W.end. 

Haale • . 

Hasle,  StE.  end. . . . 
Svanike  ...,. 

FINLAND. 

South  Coatt, 
Odenahohne  light. . . 
Great  Roge  light . . . 
Surep  head  light . . . 
Nargen,  I.  N. point . 

Revel 

Kokakarli^t 

Stone  Skar 

Little  Titters  I.  ... 
Great  Titters  I...  . 
Lavenskar,  N.  end  . 

Seascar  light 

Narva 

Dolgenoa . 

Tolbecon  light 

Cronstadt. ........ 

Petersburg 


58  15N 

58  26 
57  56 
|57  51 

!57  39 
|56  57 
57  22 
56  52 
56  13 
55  19 
|55  18 
|55  10 

54  58 

55  8 


Long. 


North  CooMt, 
Hango,  /  <.  100ft.  . . 

HeLringfors 

Borgo 

Lovisa 

Orrengmnds  beacon 
Hoglandl.  lights.^ . 

Aspo 

Frederichsham 

Wibnrg 

Styrs  Udden 


59  19 
59  25 
59  28 
59  36 
59  26 
59  40 
59  46 
59  47 
59  50 
59  59 
59  58 
59  23 

59  53 

60  0 
59  59 
59  57 


59  46 

60  10 
60  21 
60  25 
60  15 
60  3 
60  14 
60  30 
60  43 
60    9 


BOTHNIA, 

Uto  light 

Abo 

Wasa 

Tomea 

Gefle 


DENMARK, 

8caw,Z./. 

Robsnont 

Oyster  head 

Holmen 

Point  Horn 


GERMANY, 

Heligolsnd  light . . . 


59  47 

60  27 
63  5 
65  51 
60  40 


57  44 

57  25 
57  10 
57  8 
55  34 


54  11 


22  28E 
19  18 
19  29 
19  7 
18  26 
18  13 
17  6 
16  37 
16  24 
15  15 
14  49 

14  47 

15  14 
15  16 


timi 


23  19 

24  5 
24  24 
24  33 

24  46 

25  3 

26  26 

27  0 
27  17 

27  54 

28  28 

28  14 

29  6 
29  39 

29  49 

30  19 


22  56 
25  2 

25  45 

26  26 

26  35 

27  7 
27  22 

27  25 

28  46 

29  10 


21  22 

22  17 
21  42 
24  12 
17  8 


10  37 
9  45 
8  58 
8  38 
8  5 


7  53 


h  m 


I 

ft. 


12  0 


15 


12  0 
11  0 
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LATITUDES   and  LONGITUDES, 


JSXbe  R.  red  hwrj, . . 

Nework 

CnzhftTeQ 

Glakatadt 

Stade 

Hunborg  ••• 

oroDHQn  •••••••••• 

Smdeo 

Gottingea  obs 

HOLLAND, 

Harlingen 

Texel,  south  point. . 

Alkmaor 

Amstordun  • 

Haarlem 

Leyden 

The  Hague 

Hollands  Hoek 

Rotterdam 

Goeree 

Schowen  ligfata 

Walcheren  I.  W.pt. 

Middlebnrg  4 

Flushing 


Lat 


54  ON 
53  55 
53  52 
53  48 
53  36 
53  33 
153  5 
'53  22 
51  31 


53  10 
53  2 
52  87 
52  22 
52  22 
!52  9 
'52  4 
51  56 
51  55 
51  49 
51  42 
51  32 
51  30 
51  27 


NBTHERLANDS 

Antfrerp.  • 

HelToetelaySy^t/'.  46ft 

Brages 

Ostend 

Nieuport 

Faroes 

Dunkirk,  2/.   .... 

Berg 

Gravelines 

Calais 

FRANCE, 

Norikern  CoMt, 

C.  Grisnes,  l,f.  194ft 

Boulogne 

Etaples 

Le  Crotoy 

S.yalery  sur  Somme 

Eu 

Dieppe  light  43ft. .  • 

AiUy  light 

Fecamp ^  • 

Havre,  l^. 

Harfleur  •  • .  • 

Honfleur • 

Carentan  .  .• 

St.  Mareouf  I 

C.Barfleur,2.r.  l^m. 

236ft 

Cherbourg,2^/.  85ft 

Pel^isl 

C.la  Hague,/./.  157ft 
Aldemeyl.  fort.  . 
Caskets,  3/.r.l5879ft 
Guernsey  I.  S.  Pierre. 
Sark  I.  west  end... 


51  13 
51  49 
51  13 
51  14 
51     8 


51 
51 


4 
2 


50  58 
50  59 
50  58 


50  52 
50  44 
50  31 
50  13 
50  11 
50  3 
49  56 
49  55 
49  45 
49  29 
49  SO 
49  25 
49  18 
49  30 

49  42 
49  39 
49  40 
49  43 
49  45 
49  45 
49  26 
49-25 


Long. 


8  21E 
8  31 

8  43 

9  27 
9  28 
9  59 

8  48 
7  13 

9  56 


25 
33 
38 
53 
39 
24 
19 
0 
29 
54 
42 
3  25 
3  38 
3  85 


5 

4 
4 
4 
4 
4 
4 
4 
4 
3 
3 


4 
4 


24 

8 


3  14 
2  55 


2 
2 


45 
40 


2  23 


2 
2 
1 


1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 

1 
1 
1 
1 
2 
2 


h  m 
112  0 

1  0 


6  0 

6  0 

12  0 


26 

8 

51 


35 

37^ 

39 

86 

31 

15 

4 
10 
23 

6 
13 
14 
15 

9W 

17 
37 
35 
67 
8 
26 


ttmes 


1 

ft. 


6  45 

3  0 
9  0 


3  0 
3  0 

1  481 


1  20 


4  25 


12  0 
11  15 

11  40 

11  45 
11  30 


11  0 
10  30 
10  85 


2  33 
2  24 


10  80 

10  0 
10  0 

9  30 


7  30 
7  45 

7  45 
6  45 
6  45 
6  30 


17 


35 


16 


19 

18 
18 


!9 


18 

19 
22 


20 


18 
32 


Jersey  iaUmd, 

C.  Goasneas 

St.  Aubin 

St.Clement'spt.. 
Chansey  island. .... 

GranviUe 

Mount  St.Mk:hael. . 
Pontorson  ........ 

CancaUe 

St.Mak) 

CFrehd,  Lr.  2|m. 

246ft 

St.  Brieu .• ....... 

Brehatl.  2/.  49  ft.. 
Morlaix  ..*»..•••.. 
I.  Baa,  l,r,  lm.223ft 
St.Fol  de  Leon .... 

Blanche  rock 

St. Anthony's  lights. 
Ushant,//.  272ft.. 

Weatem  Coari, 
St  Matthew's  light,  b 

Brest 

PtRas,  /./.  259ft. . . 

Saints  rocks^ 

Gflenan  islands 

L'Orient 

Pbrt  Louis. , 

I.  de  Groix,//.194ft 
Qniberon,  south  pt . 
Belle  I. /.r.lm.27 

Houat  island 

Hedic.  islsnd 

Vannes 

Croiaic 

Plumbeuf... 

Nantes 

Bonrgneuf 

Le  Piiier,  Lf.  105ft  « 
Noirmoutier,!.  S.pt. 
Isle  de  Dieu,W.pt . . 

St.Gilles 

Olonne  shoals  . . . . , 
I.R^,  I  r.l)m.  95ft. 

•    St.Maitin 

Rochelle 

Rochcfort 

Oleron,!.//.  164ft. 

Aiz  island 

GordoTan,Z.rlm207f 

Bourdeaux... 

Gape  Feret. ....... 

Cape  Breton* 

Bayoane 


SPAIN, 

N.  and  W.  CwuU 

Fbntarabia  ........ 

St.Seba8tian  light  • . 
Cape  Maducao  .... 

Santona,  mount. ... 

Santander 


49  16N 
49  11 
49  10 
48  52 
48  50 
48  38 
48  33 
48  41  . 
48  39 

48  41 
48  31 
48  55 
48  35 
48  45 

48  41 

49  1 
48  50 
48  29 

48  20 
48  23 
48  2 
48  5 
47  45 
47  45 
47  43 
47  38 
47  27 
19 
47  24 
47  22 
47  39 
47  18 
47  17 
47  13 


6ft47 


47 
47 
47 


3 
3 
0 


46  42 
46  40 
46  30 
46  15 
46  12 
46  9 

45  56 

46  3 
46  2 
15  35 
44  50 
44  43 
43  46 
43  29 


43  21 
43  20 
43  28 
43*27 
43  28 


2 
2 
1 
1 
1 
1 
1 
1 
2 

2 
2 
3 
3 

4 
4 
3 
4 
5 

4 
4 
4 
5 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
1 
1 
2 


1 
1 
1 
1 
1 
0 
1 
1 
1 
0 
1 
1 
1 


13W| 

8 
59 
51 
36 
31 
32 
51 

1 

19 
44 

5 
54 
.  1 

0 
58 
29 

3 

46 

28 

44 

6 

0 
21 
21 
29 

4 
13 
57 
51 
45 
31 

2 
33 
51 
22 


2  14 
2  19 


52 
47 
84 
22 
10 
58 
24 
11 
10 
34 
15 
26 
28 


1  46 

2  0 

2  49 

3  26 
3  46 


h  n  ft* 


6 
6 

6 

7 
5 


45 

0'45 


30  36 


15 


3  45 


30 


20 


3  0  21 


330  20 


3  45 

3  45 
5  30 

4  0 


3  45 

3  0 


3  45 

4  15 
3  4b 
3  0 
3  • 
3  0 


3  SO 


3  15 


3  15 


18 


15 
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a21 


Ctpe  de  Mmr 

Cape  Lafltret 

Gijon 

Ctpe  Penas  

Cape  Bosto 

Cape  Vares 

Cape  Ortegal 

Cape  Prion. 

Conuna 

Cape  St.  Adrian  .... 

CapeVillano 

Cape  Torrinana .... 
Cape  Filiuterre .... 
C^>e  Cdrrobedo. . . . 
Ons  ialand,  N.point. 

PORTUGAL, 

Vigo 

Cape  SiQeiro 

R,Mmo,  entr 

y ianna 

Oporto  (entrance  to) 

Ayeiro 

Cape  momdcgo  .... 

Carroeira 

Liibon»  oba 

Cape  Bipie*iel 

St.  Ubea,/./. 

Cape  Sines 

Cape  ScVinoent . . . 

Legos. 

Cape  Carvoera 

Cape  StMaria. 

Pt.  St  Anthony 


43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
42 
42 
42 


Let. 


30N 
34 
35 
42 
36 
47 
47 
34 
24 
21 
11 
4 
54 
34 
24 


42  15 
42  6 
41  53 
41  43 
41  11 
40  39 
40  12 
39  21 
38  42 
38  25 
38  29 
37  57 
37  4 
37  8 
37  7 

36  55 

37  10 


SPAIN, 

St.Liiear 36  46 

Ca^  /.r.2m.l38ft.  36  32 

Cnpe  Trafalgar 36    9 

Tarila,t./.r.2iml25f  36    0 

Oibraltar '36    7 

Malaga,  Lr,  Im.  . . .  36  43 

Motril 36  45 

Almcira 36  51 

Cape  Oatta 36  43 

Cape  Tinoso 37  31 

Carthagena 37  36 

Cape  Palos 37  38 

Plaiwt  Mland 38  10 

Alicante 38  21 

Cape  St.Martin 38  48 

Denia 38  52 

Valencia '39  28 

Cape  Oropesa '40    6 

RiTer  Ebro,  entr.  . .  '40  42 
TerragoAa,  1/  55ft.  41    8 

Barcelona '41  22 

CapedeTosa '41  43 

P*lamos '41  52 

C.St.Seba8tian,  /./. 

205ft '41  54 

C.  Creoz ^42  19 


Long. 


4  49W 

5  12 
5  35 

5  48 

6  23 

7  43 

7  56 

8  19 
8  20 

8  48 

9  11 
9  18 
9  20 
8  59 
8  50 


8  44 

8  48 
8  47 
8  43 
8  40 
8  43 
8  55 
27 
8 


9 
9 
9  13 
8  54 

8  54 

9  0 
8  40 
8  20 
7  49 
7  20 


6  20 
6  17 

1 
38 
21 
24 
33 
31 

9 

6 

0 
41 
29 
28 
HE 

5 
24  W 
16E 
57 
16 

9 
55 

4 


6 
5 
5 
4 
3 
2 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
2 
3 


3  13 
3  20 


times 


h    m 


3    0 


3    0 


3  45 


3  15 


2  15 
2    0 


4    0 
12    0 


I 


13 
13 


9 

7 


Plaoes. 


SXoatt  qfF^ramee 

Cape  Lencate 

Fort  Bresoon 

Gctte,  /./.  197ft. . . 

Agioes  light 

Aries 

Karseilks 

LaCiotat 

FortStLonis 

Toulon 

Ctipe  Bonet 

Camarat  Tonr 

St.Tropes 

Frgus 

Antibes 

St.Margaerite  I.  . . . 

Nice 

Ville  Franca,  /./. 
225ft 


..*•.. 


ITALY, 
We»t  Coatt, 
Cape  BAelle 

Savona 

Genoa. 

Point  Venere 
Pisa  obs .... 
lieghom. . . . 

Vado  tower '43  23 

Piombino ;42  55 


Let. 


42 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 


50N 

16 

24 

34 

41 

18 

11 

6 

7 

5 

10 
16 
26 
35 
31 
39 


43  40 


43  57 

44  17 
44  25 
44  4 
43  43 
4334 


CapeTroja 
CiTitaVecchia. 

Ostea 

Cape  Danso. . . 
Moont  CineUo 

Gaeta 

Naples  obs. .  • . 
Salerno 


42  47 
42  5 
41  45 
41  26 
41  12 
41  15 
40  52 
40  44 


Cape  Licosa '40  14 

Policastro '40    6 

St.Enphemia 38  55 

Tropea 38  36 

Point  Petio 38  14 

Omlfo/Veniee, 
CKpe  Spartirento. . .  37  56 

Cape  Stillo 38  29 

Cape  Colonne 39    5 

Point  Alice 39  24 

Tu«nto '40  28 

GallipoU 40    3 

Cape  St-Mary .....  39  4i 

Otranto 40    9 

Brindisi 40  38 

Bari 41     7 

Manftedonia 4I  37 

Viesti 41  52 

Tennoli 42    0 

Ortona 42  21 

Aneona 43  38 

Vtun 43  55 

Rerenna 44  25 


Long. 


tfanes 
h    m 


3 
3 
3 
4 
4 
5 
5 
5 
5 


2E 
30 
42 
12 
38 
24 
37 
50 
55 


6  24 
6  40 
6  38 

6  44 

7  8 


7 
7 


3 
16 


7  19 


8  12 
8  29 

8  53 

9  53 
10  24 
10  18 
10  26 
10  32 

10  41 

11  45 

12  13 

12  38 

13  3 

13  34 

14  16 
14  46 

14  53 

15  40 

16  32 
16  7 
15  39 


16  3 

16  37 

17  14 
[17  10 
;i7  14 
[17  56 
[18  23 

18  30 
18  5 
16  52 

115  55 
16  11 
15  0 
14  27 
HZ  30 
12  55 
12  13 


1 

ft. 


^ 
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LATITUDES  and  LONGITUBES. 


FUuxf. 


ComacbJo 

Pt.dellA  M aestra . . . 

Venice 

Trieste,  Lr 

Rorigino ••• 

CPromontoire  • . .  • 


Joiif  on  UUmda 
Coifa,ciUdel,/.240lt|39  37 

Pazo  //.  369ft 39  13 

Pkrga 39  16 

Patras  castle 38  14 

C.  Viseardo 38  29 

Ithaca  town 38  22 

Zante,  C.Kieri 37  38 

Stamfanes,  /.  127ft.  137  15 


44  42N 

44  59 

45  26 
45  39 
45  5 
44  45 


TCRKEY, 
€md  ArehipeUigo. 

Ragnaa 

Pt.d'Ostro 

Kattaro 

Duraszo • . 

C.  Lingnetta 

Batrinto. .' 

Lepanto 

C.  Papas  

Coron 

C.  Matapan 

C.  St.  AngeU 

Cerigo 

Caravi > . . 

Spezzia • 

Egina 

Athens 

C.  Nicolas 

Karysto  I 

Zeal 

Serpho  1 

Milo 

Santorin 

Naxia 

Paros 

C.  Doro 

Skyrol 

Piperi  1 • . 

Salonica 

C.  Trepano 

Mount  Athos 

Castle  of  Asia . . . . 

Marmora 

Constantinople  . . . 

EuropBB 

Lemnos 

C.  Bada 

Mitylene 

C.  Karabara  . . .  •. 
Smyrna  .•••••••• 

Samoa 

Patmofl 

Rhodes 

Candia 


42  38 
42  24 
42  27 
41  18 
40  26 
39  43 
38  22 
38  12 
36  48 
36  21 
36  25 
36     7 

36  46 

37  16 
37  42 

37  57 

38  44 
37  56 
37  37 
37  10 
36  40 
36  22 


37 
37 
38 


2 
3 
6 


38  49 

39  20 

40  39 

39  57 

40  10 
40  9 

40  37 

41  0 
41  14 
39  50 
39  29 
39  15 
38  41 

8  27 


§ 


37  44 

37  17 
36  27 
35  21 


12  12E 
12  32 

12  20 

13  46 
13  38 
IS  54 


20  6 
20  9 

20  23 

21  47 
20  33 
20  43 

20  50 

21  1 


18  6 
18  31 

18  31 

19  27 

19  15 

20  1 

21  50 

21  23 

22  0 

22  29 

23  12 
23  4 
23  35 
23  8 
23  30 

23  38 

24  4 
24  32 
24  22 

24  30 

25  23 
25  29 
25  31 

25  12 
24  30 
24  34 
24  20 
28  57 
22  57 

24  20 

26  23 

27  46 

28  59 

29  7 

25  11 

26  4 

25  57 

26  28 

27  10 
26  39 
26  35 

28  14 
25  8 


C.  StMary. 


BLACK  SEA, 

Varna 

Serpents  island .... 
C.Fontane, //.203ft. 

Odessa 

C.Tarkhan, /./.108ft 

Sevastopol |44  36 

Trebisond Ul     0 

C.  Yassoor '41     8 

42    3 


43  12 

45  15 

46  22 
46  29 
45  21 


Sinope 


*^.  Coast  and  hkauU 

qfihe  Levant  and 

Mediterraneam . 

Cape  St.Mary 

Cape  Krio 

Seven  Capes 

C.  Tristomos 

C.  Khelidoni 

C.  Anamonr 

C.  Karadash 

C. Khynzyr 

Alexandretta 

Latakia 

Bairat 

Mount  Carmd  .... 

J'<ffa 

El  Arish 

C.Buyau....... . . 

Rosetta 

Alexandria 

Ras  al  Harseit 

C.  Lnco 

C-  Rezat 

C.  Tejones 

C.  Mezurat 

TripoU 

C.  Burdj  Kad^a  . . . 

Cape  Bon 

Bizerta 

C.  Fierro 

Algiers 

C.  Ferret  .....•..'. 

C.  Tres  Forcas 

Centa. 

C.  Spartel 

Alboran 

Palma,  //..    ...... 

Port  Mahon 

C.  Asinara 

Gagliari 

Bastia 

Palermo • . 

C.  Passari 

Malta,  La  Valette  . 

WESTERN  COAST  OF 

AFRICA. 

C.  Spartel 

£1  Araiah 


37  42 
'36  41 
l36  20 
36  9 
36  12 
36  0 
,36  S3 

36  15 
'36  36 
35  30 
33  50 
32  52 
'32  3 
31  5 
31  32 
31  25 
31  13 
31  25 

31  58 

32  57 
32  0 
32  25 
32  55 

35  10 

37  6 
37  13 

37  2 

36  47 
35  54 
35  28 
35  54 
35  48 

35  56 
39  34 
39  54 

41  5 
39  13 

42  40 

38  7 

36  42 
35  55 


35  48 
35  13 


27  56 
30  II 
SO  44 
30  44 

32  29 

33  29 
39  45 
37  40 
35  10 


I 


27  0 
27  20 
29  10 

29  49 

30  26 

32  50 

35  15 
5  60 

36  16 
35  47 
35  30 
35  0 
34  44 

33  49 

31  55 
30  26 
29  53 
27  5 
25  5 
21  39 
20  0 
15  10 
U  8 


11 
11 
9 
7 
3 
0 
2 
5 
5 
3 
2 
4 


10 

3 
46 
10 

4 
22W1 
56 
16 
56 

0 
40E 
21 

8  18 

9  9 
9  27 

13  22 
15  10 

14  31 


5  56W 

6  9 


>^ 
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LATITUDES    and    LONGITUDES. 


NewSalee,or  Rabat. 
Mazagan  ......... 

Cape  Blanco  ...... 

CapeCantin 

Saffia 

Mogadore  island . . . 

Cape  Gheer 

Cleveland  shoal .... 
Santa  Cruz. .   ..... 

CapeNun 

Cape  Blanca 

Cape  Bajadore 

Cape  Bwbaa 

Cape  Blanco  ...... 

Cape  St.Ann 

CapeMyrik 

Portandick 

Point  de  Breberie, 

entr.  to  Senegal . . 
St.  Lewis  island. . . . 
Cape  Yerd 

Goree  island,  fort. . . 

Cape  Naze 

River  Gambia, 
Cape  St.Mary  . . . 

James  Fort 

Cape  Roxo 

CapeVerga 

DeLos  I.  south  point 
Leopards  island. . . . 
C.  Sierra  Leon 

Cape  Shilling 

Banana  island 

Tassa  point 

Cape  Ann 

Cape  Monnt 

Far.l9-4(KW. 
Cape  Mesurada  • . . 

Grand  Bassa 

River  Sestos 

Sangwin 

Krou  Settra 

Grand  Cestos 

Cape  Palmaa 

rar.l9-40'W. 

Tabou  point. 

St.  Andrew's  river  . . 

Cape  Lahon 

Grand  Basaam 

Cape  Appollonia  • . . 

Ajom 

Cape  Three  Points.. 

Dixcove  fort 

Secondee 

St.Seba0tian's  fort. . 
Elmina  castle 

Gold  Coagf, 

C. Coast  castle 

Annamaboe  ••.•••* 


34  3N 
33  15 
33  8 
32  32 
32  20 
31  30 
30  37 
30  45 
30  28 
28  46 
27  54 
26  7 
22  19 
20  46 
20  36 
19  25 

18  15 

15  52 

16  4 
14  44 

14  39 
14  34 

13  30 
13  20 
12  22 

19  19 
9  26 
8  41 
8  30 

8  10 
8  6 
7  56 
7  34 
6  43 

6  19 
5  52 


4 
5 
4 
4 
4 

4 

5 
5 
5 
5 
4 
4 
4 
5 
5 
5 


39 
14 
50 
41 
23 

28 

0 

12 

20 

3 

48 

54 

48 

4 

7 

5 


6  48W 
8  36 

8  38 

9  14 
9  8 
9  50 
9  54 

10  38 
9  38 

11  3 

12  42 
14  29 

16  39 

17  4 
16  45 
16  34 
16  8 

16  34 

16  31 

17  31 

17  25 
17  12 

16  41 
16  26 
16  51 
14  23 

13  51 
13  15 
13  15 

13  10 
13  16 
13  2 
12  57 
11  21 

10  46 
10  33 

9  40 

9     8 

8  48 

8  20 

7  45 


5    6 
5    9 


7 
6 
4 
3 
2 
2 
2 
1 
1 
1 
1 


11 
4 
36 
22 
35 
18 
2 
59 
57 
33 
22 


9  45 


10  30 


7  48 

8  10 


7  30 


1  13 
1    9 


Places. 


Lat. 


Kormantine  fort . . . 
Tantumqnerry  point. 

Barraooe  point 

Accra 

Ningo  

Adda  castle 

Cape  i^t.Panl'8 

Quitta 

Little  Popoe 

Whyda 

Lagos. 

Cape  Formosa 

New  Calabar  river. . 
Cameroons  Cape . . . 

Cape  St.  John 

Gaboon  R.  C.Clara  . 

Cape  Lopez 

Low  Point 

River  Sett^ 

Cape  Maynmba .... 

Var. 2l^W. 

Loango  river 

C.  Padron,  entr.  to 

Congo  river 

Fflr.  21*30' W. 

Ambriz  bay 

i^ancie  ...  mm ...... 

Cape  Ledo 

Novo  Redondo  .... 

Var.  22^W. 
S.Phil.deBengoella . 

Cape  N^gro 

Tigers  island 

Cape  Frio 

Village 

Walwich  Bay 

Var.  23®  W. 

Ilea  point 

Bird  island 

Angra  Peqnena .... 

Cape  Voltas 

St.  Helen's  bay, 

Cape  St.Martin . . 
Saldanah  bay,  N.pt. 

Dassen  island 

Table  bay,  Robin!  . 

Cape  Town  obi 

C.  of  Good  Hope  . . 
Hangklip  Cape  .... 
r«r.28*12'W.1826 

UUmdM  f » th9 

NomtH 

Atlantic  Ocban, 

Bermndaa  I.  town. . 

Azwre$t  or  W.  J«. 
Corvo,  sooth  point . 
Flores,  west  point . . 
Fayal,  S.E.  point . . 
Pico,  east  point. . . . 
St.George,  S.E  point  38  29 


Long. 


times 


5  7N 

5  14 

5  22 

5  32 

5  45 

5  48 

5  46 

5  54 

6  16 

6  20 

6  26 

4  15 

4  22 

3  53 

1  10 

0  30 

0  36S 

2  0 

2  23 

3  23 

4  39 

6  10 

7  56 

8  23 

9  46 

11  37 

12  34 

15  41 

16  29 

18  23 

21  53 

22  52 

23  30 

24  37 

26  38 

28  44 

32  39 

33  1 

33  26 

33  48 

33  56 

34  22 

34  24 

0 
0 
0 
0 
0 
0 
0 
0 

1 

2 
3 
6 
7 
9 
9 
9 


51E 
49 
33 
12 

2 
44 
52 
34 
36 
15 
22 
11 

4 
25 
22 
18 


13 

3 

13 

16 

13 

12 

13  47 

13 

25 

11 

55 

12 

3 

12 

2 

14  40 

14 

22 

14 

48 

14  27 

15 

4 

16  32 

17  52 

17  54 

18 

7 

18  22 

18  29 

18  29 

18  50 

m 


ft. 


8  35 

9  37 
10  30 

10  35 

11  44 


12  15     ) 


32  22N  64  33W 


39  41 
39  24 
38  31 
38  26 


31  3 
31  12 
'28  42 
28  28 
27  51 


1  54 


2  25 
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Ruet. 


VillsdoPniyB... 
Tcrcrir*,  Anfrv. . . . 
St.Micb*el,  west  pt. 

FU.  Delg>da.... 

Eut  point ...... 

Formigu 

St.M*rj  town 

lJoatli.eut  point . 


37  4S  S&  42 

17  48  25  10 

S7  17  2S  51 

16  58  2b  13 

16  56  " 


West  point .... 

FunehU 

S.-Doertoi, 

South  point. .  ■ . 
SdTRgea,  large  ide. 


12  44 

^2  49 
12  3B 


North  point 28  59 

Ferro 17  47 

West  point 37  44 

Gomero,  port 28    t 

Teneriffe,  pesk  . . ,  .'38  IG 

OroUTS {38  29 

Santa  Cnu '38  SB 

Onmd  CUIU7.....I17  GS 
Fuerteientun, 

South-west  point  2S  4 
Lancerot,  eaet  rock .  2B  48 
Alegranu,  east  point  29  IG 

C.  Verd  ItUt, 
StAntonio,  N.  pt.  .'17  12 

Southend jI6  55 

St. Vincent  town... lie  54 
St. Lucia,  north pt..{TG  49 
St.N)ch6las,N.pt..  IG  42 

East  point 'iG  34 

Sal  I.  BoathpCast  pt.'lG.34 
Bonaviata,  N-W.pl.  .1 16  13 

Mayo  town 15    8 

St  Jsgo, 

Port  Praja |4  54 

Far.  IG'W. 
Foga,  north  point . .  '15     2 

Brava U  49 

PenadodeSt.Pedro.    0  55 


Ittandt  i»  Ike  SoKth 

Allmlie, 
Fenundei  Po,  peak. 
Prbuss  island  • . .  ■ . 


0  27 

1  24 

7  55 

St.He]ttia, 

Jamai  town  obs. .  15  55 
FenHl.deNdrai)ha..|  3  51 


16  38 

17  10 
16  55 


22  57 
22  56 
13  li 


24  22 

24  44 

iS  23 


8  4«B 
7  27 
6  40 
5  38 
M  27W 


Trinidad  island  . . 
HaitinVas.. 


'Histan  d'AcunlA  . .  [37    6 
I  nacceniblB  island. 
Nightingale  island. .  [37  !S 
Gough'a  island    . 
Falldand  idands, 
Port  Egmonl. . 
Cape  Meredith  . . 

From  the 
C*rB  ofGoooHoFB 

to  (Janton, 
Etaltn  C.  ^Afiiea 
C.  ofGoodHopeabs.  S3  5 
Cape  Agnlhaa  . .         "  * 
l^pe  Infrnle. . . 

CapeTachcs |34  2 

CapeSt.BliiM 34 

Cape  Recife M 

Point  Padron |33  4 

Natal  Cape. . . . 
Point  St-Luda 
C^>e  yidal  . . . 

English  riTer. ...  2 
Cape  Corriente*.  ■ 
Ctpe  lohamban. .       . .   _ 
Bssamtol.  north  end  21  I 
Solalafort.... 


Maftmede 

Monunbique  fort  . . 

Cape  Delgido 

Sooga  ?on|^ 

Zanzibar  I.  (Oath pt. 
Mombas 


i  IS  43W 
29  2« 
28  54 
12  2 
12  33 
12  21 
9  44 


18  29E 
20    2 


Mukdeeaha 2 

Cape  Guardafui. ...  11 

RasMett U 

Socotra  I.  woat  poinC  12 


20  53 

21  51 

22  12 

25  «0 

26  25 

31  2 

32  23 
32  38 
32  3« 
35  31 
35  20 
35  33 

..  34  46 
I  37  1 
!1      39  59 

1  4D  47 

11  40  40 

12  39  30 
>8  39  33 
4  39  43 
7N43  58 

2  45  25 
19  51  20 
iS  50  52 
33     53  29 


3    D 
»    S  IJ 


Medagtatar,       i 
and  adjacmt  Iiimd* 

Cape  Al.Marj 25  393 

St.Augnstin's  Bay    { 

Sand;  island ^  38 

CapeSt.Vincoit  ...'21  54 
CapeSLAndrowi...  16  11 

Table  Cape 15  43 

CapeSt.Sebasti*n  . .  12  26 
Cape  St.Ambro. ...  12  2 
St  Mary's  island  .. .  17    0 

Ponl  point 17  41 

Point  YUpan .24  59 

Port  Dauphin 25    1 

Basaas  de  India ....  21  29 

Europa  rocks 22  23 

Juan  de  Nora [17    3 

Barren  island [18  41 

Coffin  idai^ 17  30 


43  33 

43  20 

44  31 

46  6 

48  40 

49  24 
19  49 
19  32 

47  3 
46  57 

39  41 

40  24 
52.42 
43  53 
43  47 


TABLB    44. 
LATITUDES   and  LONGITUDES. 


825 


Places. 


Majottapeak 

Johanna  peak 

Mohilla,  north  point. 
Comoro,  N.E-point. 
John  Bfartin'a  iale  . . 
Aidabra  I .  £.pouit . 
AsBomption,  8E.pt. 
Cosmoledo  iaknda. . 
St.Peter'8  iwlanda. . . 

AstoYe  islanda 

Providence  island . . 
Inveraritfy  or 

Alphonso  island. . 
Amirante  I.   £.pt . . 

Eagle  island 

Currettse  island. . . . 

African  islands 

Seychelle  or  Make  • . 

Praslin  island 

Coetivy  island 

Roderigue 

Mauritius,  or 

Isle  of  France, 

Port  Louis 

Bourbon, 

St.Dennis 


BoMtem  C.qfAraHa 
Ras  Morebat 

Zingera 

Noss 

Koorya  Moora  isle 

Tibly 

Soda« 

Cape  Sangha 

Rtts  Madraka 

Markasa.  * 

^lasseral.  Abor... 

Rassas 

Ras  Alif,  or  Half . . 

Zibsh 

Al  Habba 

Jins 

AlHad 

BanderSoore,E.pt. . 

Boo  Dahood 

Muskat 

Malabar  Coatt 

Cape  Arubah 

Diu  point ,.., 

St.  John's  point .... 

l^mba  J  / 

Sevemdroon 

Dabul 

Goa 

Algoada  point ..... 

Carwar  head 

Pigeon  island 

Barcelore 

Mangalore 

Mount  DiUy 


Ltt. 


12  54S 
12  13 
12  36 
11  19 
10  19 


9 
9 
9 


26 
46 
43 


9  19 

10  7 

9  14 


7 
5 
6 
4 
4 
4 
4 
7 


0 
24 

7 

16 
53 
38 
17 

9 


19  41 

20  9 
20  50 


16 
17 
17 

17 
17 
18 
18 
19 

20 
20 
21 
22 
22 
22 
22 
23 
23 


55N 
7 
23 

26 
28 
9 
58 
10 

8 
40 
26 
15 
26 
34 
36 
21 
37 


25  16 
20  42 
20  3 
18  54 
17  48 
17  46 
15  28 
15  28 
14  47 
14  1 
13  51 
12  51 
12  2 


Long. 


times 


m 


45  19E 

44  29 

43  11 

43  39 

43  30 

46  35 

46  34 

47  40 

50  50 

57  43 

51  11 

52  42 

53  23 

53  29 

55  42 

53  28- 

55  32 

55  39 

56  19 

63  30 

57  29 

55  31 

54  43 

55  2 

55  11 

56  16 

55  49 

56  30 

57  46 

57  41 

58  53 

58  49 

59  7 

59  44 

59  46 

59  43 

59  20 

58  54 

58  38 

64  31 

71  6 

72  58 

72  53 

73  9 

73  11 

73  53 

73  46 

73  56 

74  17 

74  51 

74  53 

75  12 

4  45 


12  30 


ft. 


12 


11  1017 


11  15 


Places. 


Ut. 


Cananore^.s/M .... 

Tellicherry » . 

Sacrifice  rock 

Calicut  >!.«/ 

Cochin  Ji7.«/.«« 

Coromandel  Coastt 

Cape  Comorin 

Manapar  point  •  • . « 
Point  Calymere  • « • 
Negapatam. .,...,. 

Tranquebar 

Cuddalore « • . 

Hondicherry 

Madras, 

Fort  StGeorge . . 

PuUcat 

Point  Diry 

Masulipatam 

Point  Gordeirar. . . . 
Visagapatam  .•..». 

Ganjam *  •  • . 

False  Point  <. 

Palmiras,  l.koute . . . 
Sangor,Middletonpt. 
Calcutta, 

Fort  William . « . . 

Chandemagor 

Light-bouse  point. . 
Islamabad  .^ •!•*,,• 

Burmanp 
Cape  Negrais.  •  •  •  • . 
Diamond  isU.  •  •  •  •  • 

Martaban •••. 

Rangoon  ...•«•••• 
Tavay  point.  ,.,•.. 


11  57N 
11  45 
11  30 
11  15 
9  58 


8  6 

8  22 

10  17 

10  45 

11  0 
11  43 
11  56 

13  4 
13  25 

15  57 

16  10 

16  43 

17  41 

19  23 

20  19 

20  41 

21  38 

22  31 

32  51 

21  28 

22  20 


16  a 

15  52 

16  31 
16  45 
19  32 


Malay^ 

Slipper  island  • .  •  •  • 

Queda  forL  ..••... 

Prince  of  Wales  isld. 

Fort  ComwaUis. . 

Malacca •« 

Point  Romania  *. . . 
Sincaporey7.«/.  . .  • . 


China, 

Camboja  point 

C.  St.James 

C.  Avarello 

Turon  cape 

M-indarine's  cape . . 
False  St  John's  I. 

Sonth  point 

Macao^.«f.  ...... 

INDIAN  OCEAN 

UUnuUt  ^e, 
Pr.  Edward's  isles, 

5liddle 

Desert  islands 


7 
6 

5 

2 
1 

1 


20 
Q 

24 

12 
23 

16 


8  40 
10  17 
12  55 
16  5 
21  28 

21  34 

22  11 


Long. 


75  7E 
75  30 
75  31 

75  46 

76  14 


77  30 

78  4 

79  51 
79  51 
79  52 
79  48 

79  49 

80  17 

80  18 

81  10 

81  8 

82  32 

83  17 

85  3 

86  48 

87  5 

88  3 

88  17 
88  30 
88  25 
91  45 


94  16 
94  19 

97  7 
96  15 

98  15 


98  29 
100  17 

100  22 

102  15 
104  16 

103  53 


104  55 

107  5 
109  25 

108  22 
112  30 

112  50 

113  32 


46  46S 
48  5 


times 


m 


ft. 


37  55 

48  0 


3  5 
2  30 
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TABLE  44. 
LATITUDES   and  LONGITUDES, 


Kergnlen'a  land, 
ChrLstmas  harbr . 
Cape  George .... 

St. Paul's  island  . . . 

Amsterdam  island . . 

Cloates  island 

Christmas  island . . . 

Cocos,  or 

Keeling's  islands. 
Northernmost . . . 

Ceylon  hlandf 

Point  Pedro 

Point  de  Galls. ... 

Dondra  hd 

Elephant  hill 

Trincomalee^.«^. .  . 

Andaman  Islandtf 
Great  Andaman 

Port  Cornwallis. . 
Little  Andaman, 

South-east  point . 
The  Brothers 

Sumatra^ 
Diamond  point  .... 
Lucipara  island .... 

Flat  point 

Bencoolen 

Indrapour  point  . . . 

Cape  Felix 

Acheen  head 

Hog  islandjN  W.pt. 
Pu)o  I^as,  N.  pt. . . 
Pulo  Batoa^N.  pt.. . 

Java  head 

Batavia^^bs 

Indramayo  point . . . 

C.  Sandana 

East  point 

Wine  Cooper's  point 
Bantam  point  .... 
Carawang  point . . 
Samarang^.9^  . . . 

Sourabaya 

Madura  isle^N.W.pt. 

TTiraor  isle,  S.W.pt . 

North-east  point . 

Borneo  Island^ 

North  point 

Point  Sambar 

Tanjong  Apee 

Borneo 

Palawan,  south  pt.  . 

North  point 


Philij)pine  Itlands, 

Mindanao 

C.  St.  Augustine  . . . 


48  41S 

49  55 
38  42 
37  52 
22  6 
10  32 


11  50 


9  49N 
6  1 

5  55 

6  20 
8  34 


13  21 

10  26 
10  59 


5 

3 
5 
3 
2 
3 
5 
2 


7 
3 
2 
4 


18 
14 
55 
49 
12 
47 
40 
50 
1  36 
0  10 
6  48 
6  9 

6  15 

7  39 

8  39 


7 
5 
6 
6 
7 
6 


30 
51 
0 
57 
12 
53 


10  23 
8  20 


2iV 

0 

0 

55 


8  22 
11  20 


6  54 
6  24 


69  2E 

70  12 
77  52 
77  35 

112  30 
105  33 


97  0 


80  18 
80  14 

80  38 

81  25 
81  13 


93  13 

92  40 
92  50 


97  48 
106  10 

104  40 
102  20 
100  41 

96  15 
95  32 

95  32 

96  55 

98  45 

105  12 

106  53 
108  21 
114  36 
114  37 
106  20 

106  3 

107  2 
110  26 
112  45 
112  43 
123  30 
127  15 


116  40 
110  19 
109  20 
114  45 

117  20 
119  37 


122    7 
126  46 


6    0 


4  30 


Samar, 

8t.Espirita  Santo. 
Luconia, 

Manilla 

Capones  point . . . 
Boliano  point  ..... 

Cape  Bajador. .  • . 

Cape  Enganno  . . 
Formosa  I.  south  end 

Tayoan 

North-east  end  . . 
Haiman  I.  north  pt . 

Japan  lelet. 
Pinnacles  islands . . . 
Gottol.  S.W.end.. 

Asses  Ears 

Nangasaki 

Niphon  I.  S.W.  end 

Cape  Noto. ..... 

C.  Sangaar 

C.  Nambu  • 

C,  King 

Fatsisio  island 

Jeddo  city 

Eaei  Coast  China 

Canton. 

Macao 

Grand  Ladrone .... 
Grand  Lema,  W.pt. 
Pedra  Branca. ..... 

Amoy 

Quesan  isles 

Chusan  island  N.pt. 

Ningpo 

Yang  tse-hiang-ho. . 

Nankin 

Staunton's  island. . . 

Cape  Gower 

Kisanson 

Tontchoo-foo 

Sa-lou-poo-tien 

Pekin 

C.  Clonard 

Kinghing 

C.  Lesseps 

Vaujuas  point . . .  •. 

Kanuehatkaf 

Ochotsk 

Yamsk 

C.  Lopatka 

Kamtchatska  Ness  . 

East  Cape 

North  Cape 


Sdchalin  Island 

North  point 

C.  Crillon 

Boutin  point 

C.  Patience 


12  34N 

14  36 
14  54 
16  25 
18  28 
18  39 

21  54 

22  35 
25  11 
20  2 


29  58 
32  34 
32  3 

32  45 
34  5 
37  36 
40  58 
39  50 

34  54 

33  6 

35  40 


23  8 
22  12 

21  57 

22  2 
22  19 

24  21 
29  22 
31  16 
29  58 

31  32 

32  5 
36  47 

36  57 

37  38 

37  50 

38  55 

39  54 
36  5 
42  10 
49  30 
52  12 


59  20 

60  46 
51  2 
56  1 
66  6 
08  56 


54  24 
45  54 
51  52 
48  52 


125  17E 

120  54 
120  3 

119  53 

120  38 
122  20 
120  55 

120  32 

121  56 
110  40 


129  58 
128  44 

128  38 

129  52 
131  30 
137  20 
140  28 
142  30 
140  21 
140  0 
139  50 


113  17 
113  34 

113  46 

114  14 

115  8 
118  16 
122  12 
121  56 

120  18 

121  41 
118  47 

122  13 
122  19 
121  23 
120  36 
118  43 

116  29 

130  0 

131  24 

140  22 

141  45 


143  14 
154  30 
156  46 
163  23 
169  44 
179  11 


142  47 
141  58 
141  53 
144  46 


h  mft. 


9  5210 


TASLE  44. 
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LATITUDES  and  LONGITUDES. 


C.  Aniwa. 

Stateal.  S.W.  end. 
Company's  I. 
Cape  Schoaten  . . 

Kimde  islands 

ScLawrenpe's  I.    • . 

VanDUnuM'aZsand 
South-west  cape  • . . 

South  cape 

Tasman's  head*  • .  •  • 

Cape  Pillar 

C.  Coxcomb 

St.Patrick's  head. . . 
Largest  Swan  I.  . . . 
Cape  Portland .  * .  • , 
Port  Dalrymple. , ,  • 

Hanter's  isles 

King's  I.  north  pt,  . 
Fameaox  islands.  • , 
Kent's  group..,,,, 

iVar  South  Waie§ 

C.  Otway 

Wilson's  promontory 

Cape  Howe 

Botany  bay  .,•.... 
Port  Jackson,  /.r. 

360ft 

Cape  Byron 

Sandy  Cape 

Cape  Flattery 

Cape  York 

VanDieman's  cape. . 
North-west  cape  . .  • 

DirkHartog's 

MelTille  I.  north  pt,. 

Cape  Lenwen 

Cape  Talbot 

Cape  Butholet 

Port  Lincoln ..,,.. 


Lat. 


46  2N 
44  30 

46  0 
46  10 
63  30 


43 
43 
43 
43 
42 
41 
40 
40 
41 
40 
39 
40 
39 


32  8 
37 
32 
12 
43 
42 
43 
44 
4 
24 
36 
34 
27 


38  56 

39  12 
37  35 
33  32 

33  51 
28  28 

24  42 
14  53 

10  43 

11  8 
21  48 

25  32 
11  0 

34  19 
14  0 
17  10 
34  48 


New  Zealand 

North  cape 34  24 

Cape  East i37  42 

Bank's  peninsula  . .  43  30 

Malineauz  harbour.  46  15 

Cape  South 47  17 

Cape  Paliser 41  38 

TT.  Co/ AMERICA 

Cape  Horn 55  59 

Diego  Ramirex  I.  . .  56  25 

St  lldefonso  1 56  48 

C.  Gloucester 54  30 

C.  PiUar 52  42 

C.  St.Lucia 51  30 

Madre  de  Dios, 

C.  Santiago 50  45 

C.  Montague ....  49  7 
C.  Tres  Montei ...  46  59 
Point  Quilaa 43  36 


Long. 


143  30E 
146  40 

150  20 

151  30 
170  30 


146    6 

146  49 

147  20 

148  6 
148  14 
148  20 
148    0 

147  56 

146  47 
144  50 
144    0 

148  10 

147  15 


143  26 
146  20 
130  5 
151  25 

151  18 
153  36 
153  16 
145  16 
142  29 
130  20 

114  4 
112  48 
130  30 

115  6 
127  0 
122  0 
135  44 


173  0 
178  40 
173  0 
169  30 
167  18 
175  21 


67  16W 

68  36 

69  15 

73  1 

74  44 

75  25 

75  25 
75  36 
75  27 
74  27 


tjmffii 


h    mft« 


8    0 
8  19 


Places. 


St.  Carlos 

Quidal  point 

y  aldiria 

Mocha  island 

Valparaiso  ...••.., 

Coquimbo 

Choros  point  •••«., 
Copiapo,,.,,.,.,. 

Arica , , 

Ylo,  Point  Coles. , , 

PortCaballos 

Lima  ...••••..,,. 
Tnudllo « ...••,,, , 
Guyaquil  ...,••».. 

Pt.  St.  Elena 

Cape  de  Loranxo.  • , 
C.  St.  Francisco  .  • , 
Guascama  point, , , . 
Cape  Corentes , . ,  • . 
Cape  Marietta » .  •  •  f 
Quibo  island, 

South-east  cape,  • 
Point  Burda. •,,,• 
Cape  Blanco  ...,», 
Pt.  St.  Catherine, . . 
Pt.  Desolado «,/,,, 
PtRemedios  •«,,,, 

Pt.Gatamalii 

Acapulco , 

Cape  CorreEtfes  • .  • , 

St.  Bias 

Tres  Marias,  northpt 
Cape  St.  Lucas .... 
Morro  Hermoaa  • . . 

Port  Diega 

Point  Conotption  . . 

Monterry • 

PortStFrancisco  .. 
C.  Mondodno . . , . . 
C.  Blanco,  or 

Orford  Cape  . , . . 
C.Disappointment, . 

Cape  Flattery 

Cape  Scott 

Pta.  de  Gonzalo  . . . 

C.  St.  James 

Langara,  or 

North  island  .... 
Cape  Ommaney. . . . 

Cape  Spellcer 

AfhniraltT  Bay, 

Point  Phipps. . . . 
Cape  Suckling 

S.  C,  <tf  America 

Cape  Horn 

Cape  St.John 

Cape  Blanco 

Port.  St.  Elena,  obs. 
Cape  Corrientes. . , , 
C.  St.  Antonio.  • .  • . 
Monteredio 


Lat. 


41  52S 
41  5 
39  49 
38  20 
33  2 
29  55 
28  55 
27  20 
18  28 
17  40 
15  5 


12 
8 
2 


3 

7 
11 


2  12 


1 
0 
2 

ft 
7 


0 
40N 
26 
30 


1  16 
8  1 
0  30 

10  26 

11  50 
13  33 

15  54 

16  50 

20  25 

21  30 

21  22 

22  53 
27  48 
32  40 
34  32 

36  36 

37  48 
40  29 

42  52 
46  19 
48  23 

50  48 
48  28 

51  57 

54  25 
56  10 

58  13 

59  33 

60  0 


A5  59  S 
54  43 
47  12 
44  31 
38  5 
36  20 
34  54 


Long. 


73  50W 

74  15 
73  18 
73  50 
71  43 
71  26 
71  14 
71  2 

70  25 

71  25 

75  35 

77  7 
79  3 

79  53 
81  0 

80  58 
80  0 

78  22 
77  30 

80  37 

81  45 
62  88 
85  37 

85  42 

86  42 

89  45 

90  53 
99  52 

105  40 

105  16 

106  25 
109  50 
114  58 
117  17 

120  7 

121  43 

122  24 
124  32 

124  15 
124  0 
124  20 
128  25 
122  53 
131  15 

133  10 

134  34 
136  24 

139  48 
143  45 


67  16 
63  44 
65  44 
65  22 
57  29 
56  46 
56  13 


times 


h  m 
11  45 
11  40 


I 


ft. 

19 

7 


r 


328 


TABLE  U. 


LATITDBIS  AND  LONGirUDES. 


Rio  Grande  de  Stn 
Pedro 

St.  Catherine's  I. 
North  pcHiit* « •  • . 

Santos 

Grand  island 

Rio  Janeiro 

Espiritu  Santo 

Cape  St.  Augofltine. . 

Cape  St.Roqiie  «... 

Cape  North 

Cayenne. 

R.  Marony,  port. .  • 

Surinam,  Brams  pt^ 

R.Easeqoebo,  entr,. 

Pt'Baxa 

Pt.'Pena 

Cape  Three  Points. . 

Cnmana,  pt.Araya. . 

C.  Coders^ ••• 

Guayra 

Porto  Cabello 

Cape  St.  Roman .  • . 

Pt.Gallinaa 

Pi^  Vela  ........ 

Sta.  Marta. ...,,«. 

Cartagena  ...,.,.. 

Pt St.  Bias..,,.... 

Porto  Bello 

C.  Gracios  a  Dios . . 

C,  Cameron 

TnixiUo 

C.  Catouche 

Pt.  Salinas 

PL  Palmar 

Campeche  ....••.. 

Vera  Craz 

C.  Roza  

River  Bravo,  entr.. . 

R.  Mississipi,  entr  . 

Florida, 

C.  Sable 

WEST  INDIA" 
ISLANDS. 
Bermudas, 

St.  George  town. . 
Great  Bahama, 

West  end. 

Seal  Key 

New  Providence  . . . 

Nassau 

Eleuthera  I.  north  pt 

Powell's  point . . . 
Yuma,  or  Long  I. 

North-west  point. 

South-east  point . 

Cat  island 

Columbus  point . . . 
Watling's  island  . . . 

Nor&.e8st  point . 


Lst. 


Long. 


32  7  S  52  8W 


27 
24 
23 
22 
20 
8 
5 
1 
4 
ft 
ft 
7 
9 
10 
10 
10 
10 
10 
10 
12 
12 
12 
11 
10 
9 
9 
14 
16 
15 
21 
21 
21 
19 
19 
21 
25 
29 


23 

I 

12 

54 


48 
4g 
44 
43 


20  39 

21  34 
28  3ft 
10  ftO 


56N 
44 

51 

e 

33 
43 
4ft 

39 
3» 
36 
29 
11 
2S 
10 
20 
25 
33 
34 
59 

2 
50 
31 
31 

3 
50 
12 
38 
50 

5 


25    0 


32  22 

26  41 

27  1 

25  5 
25  35 
2i  40 

23  38 
22  52 

24  42 
24  10 

24    8 


52 
54 
55 
58 
61 
61 
62 
64 
66 
66 
68 
70 
71 
72 
74 
75 
78 
79 
83 
85 
86 
87 
88 
90 
90 
96 
97 
97 
89 


28 
22 
17 

9 
30 
56 
17 

0 
19 

2 
24 
20 

0 
53 
62 
22 

4 
58 

0 

8 
42 
11 
15 
34 
40 
39 
11 
13 

3 

0 
10 
18 
33 

9 
20 
28 

5 


80  57 


64  33 

79  3 
78  16 

77  21 
76  43 
76  18 

75  25 

74  50 

75  50 
75  25 

74  26 


m 


8 
ft. 


Attwood's  Key, 
East  point 

Great  Crooked  I.  . . 

Mogane  ialand, 
North-west  pt.  .. 

Great  Inaqua, 
North-west  point. 

Gt.  Caycos,  N.  pt.. . 

C  Maysi. ..•••••. 
Havanna, 

Morro.  •.•...... 

C.  Antonio..... 


22  28 


21 
21 


27 
59 


20  17 


23 
21 


.ir 


19 


JmuricA, 
Morant  point. . . 

South  Negril 18 

Port  Royal.  ..••■•.  17 
Grand  Cayman  .... 

Fort  George. .... 
St.Domingo |18 

C. 'Hberon |l8 

Porto  Rico 18 

Barbuda,  nofth  pt  .17 
Guadaloupe, 

Fort  des  Irois. .  • . 
Dominica, 

Roseau 

Kartiniqne, 

Port  Royal 

St.  Lucia, 

Savanna 

St.  Vincent 

Kingston 

Barbadoes, 

Bridgetown 

Grenada, 

Fort  St.George . . 
Tobago, 

Melville  rocks . . . 
Trinidad, 

Point  Gelere .... 


7^  Ea»t  Coa$t  qf 
N.  AMERICA, 

Okkak 

C.  Sable 

Ball,  or  Long  I.  S.pt 

G.  Florida 

C.  Canaveral 

St.  Augustine.  .^. . . . 

Port  Royal '. . . . 

Charleston,^r.l25ft 

Georgetown 

C.  Fear 

C.  Lookout,  /  f.Obft. 
C.Hatteras,r/.95ft. 
Henlopen,  l.f. ISQft. 

I  New  York 
Montuc  point//.  160 


16 


15 


14 


13 
13 
13 
12 


11 


10 


5 

3 

21 

51 


57  30 
25  2 

24  55 

25  41 

28  18 

29  48 
32  18 

32  40 

33  22 

33  48 

34  36 

35  15 
38  47 

40  45 

41  4 


10 
55 


56 
16 
56 

18 
28 
22 
29 
46 

0 

20 


35  61  4 
47  60  55 
12  61  15 
59  45 


61  48 
60  32 
60  54 


62  45 
81  15 
80  43 
80  15 

80  25 

81  28 
80  36 
79  40 
79  15 
78  9 
76  36 
75  30 
75  6 
74  0 
71  55 


73  30W1 

74  19 

73  12 

73  40 
72  0 


74  7 

82  22 
84  58 


76  11 
78  22 
76  52 

81  24 
69  59 
74  28 
66  13 
61  55 

61  45 

61  25 


i 


TABLE   44. 
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LATITUDES    and    LONGITUDES. 


Places. 


Lat. 


Rhode  Island, 

Newport 41  SON 

Nantaketl.//.  70ft.41  23 
Cape  Cod, //.180ft.  42    5 

Bostontowii,/.r.82ft42  22 
Cape  Axok, 

Thatcher's/.  ....  42  40 

Portland/.* 43  39 

Msnan  I.  north  pt.  •  44  46 

Seall.  south  point. .  43  28 

Cape  Sable 43  24 

Sambro  hea4l 44  26 

Cape  Canso 45  20 

Scatery  I.  S.E.pt . .  45  58 
C.  Breton  I. 

C.  North 47    6« 

Pr.Edward's  I 

C.  North. ......  47    7 

£.  point 46  22 

Misoon  I.  entr.  to. . 

ChaleurbajE.pt.   .  47  57 

0.  Gaspa. 48  45 

Anticosta I.  E.  pt.. .  49    5 

West  point 49  52 

Nkwpoundland, 

Cape  Ray 47  37 

Cape  Anguille 47  55 

Cape  St.  George  ...  48  28 

South  head 49    6 

C.  St.  Gregory....  49  20 

Point  Riche 50  40 

PointFerolle 51    2 

C.  Norman 51  38 

Belle  Isle,  N.  pt.  . .  51  58 
Quirpon  island  ....  51  40 
Hare  Bay,  entr.  ...  51  17 

C.  St.John 50    9 

Fogo  island,  N.  pt. .  49  45 

C.  Freels 49  18 

G.  BonaTista 48  42 


longf 


times 


I 


h    mft. 


71  19W 
70    1 

70  6 

71  3 

70  38 
70  15 
66  49 
66  0 
65  38 
63  35 
61  0 

59  38 

60  22 

63  55 

61  50 

64  30 
64  12 
61  44 
64  35 


59  20 
59  22 
59  15 
58  22 
58  15 
57  23 
57  5 
55  50 
55  15 
55  25 
55  45 
55  38 
54  5 
53  23 
53  8 


11  2512 


Places. 


Point  Garates 
0.  St.Francifc 
0.  Race 


LABRADORE, 

0.  Charles 

Sandwich  bay,S.O. . 

C.  Webuck 

Hopedale 

C.  Chudleigh,  S.pt. . 
Hudson's  Strts,  entr. 
Resolution  I.  S.E.  pt 
Davis  Straits,  entr. . 
C.  Walsingham. . .  • 
C.  Farewell 


Lat. 


GREENLAND, 
Puesortok  ........ 

G.  Brewster 

John  Mayen'sl.  ... 

Bontokoe 

Gale  Hawkes  point. . 

ICELAND. 

North  Cape 

Langaness 

C.ReikiaTik 


SPITZBERGEN, 

South  Cape 

Fair  Foreland,  NW. 
Amsterdam  island 

Hackluyts  head . . 
Magdalena  bay  .  • . . 
Verleegen  Hook  . . . 
Hope  I.N  E.  pt. . . . 
Bear,  or 

Cherry  island. . . . 

WaldenI 

Ryk  Ice  island  .... 


48  ION 
47  48 
46  40 


52  15 

53  48 

54  55 

55  30 

60  14 

61  22 

66  0 
59  49 


64  58 

70  10 

71  8 

73  29 

74  57 


66  29 
66  23 
64  9 


76  32 

78  53 

79  46 

79  33 

80  3 

76  30 

74  40 
80  30 

77  45 


Long. 


times 


52  50W 

52  51 

53  8 


55  20 

56  21 

57  40 

59  45 
64  55 

64  55 

60  50 
43  54 


40  30 
22  0 
8  10 
21  9 
19  0 


22  28 
14  32 
21  56 


m 


1 

ft. 


16 
10 


0 
0 


10  50 

11  0 
16  30 
20  37 

20  0 
20  0 
23  40 


FINIS. 


1 


ii 
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